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INTRODUCTION 

Perhaps  the  most  important  fruit  contribution  of  the  New  World  to 
the  human  diet  has  been  the  avocado.  Popenoe  p.  10)1  says  "An 
acre  of  land  will  yield  a  larger  amount  of  food  when  planted  to 
avocados  than  it  will  in  any  other  tree  crop  known  at  present."  This 
fruit  was  not  only  well  distributed  throughout  most  of  Central 
America  and  northwestern  South  America  before  their  discovery  by 
Europeans,  but  was  grown  with  a  primitive  culture  by  the  Indians 
inhabiting  these  regions. 

There  is  sufficient  modification  in  the  cultivated  fruit  to  indicate 
that  seed  selection  had  been  practiced  for  some  time  before  Columbus' 
arrival  in  the  West  Indies.  Popenoe  {32) ,  who  has  made  an  extensive 
study  of  the  early  distribution  of  the  avocado,  believes  that  in  pre- 
Columbian  times  the  fruits  were  grown  from  almost  as  far  north  as 
the  Rio  Grande  in  Mexico  south  to  Ecuador  and  central  Peru.  His 
studies  indicate  that  there  were  at  least  three  and  perhaps  four  or 
more  separate  primitive  types  in  widely  separated  localities  which 
through  considerable  modification  have  developed  into  the  three,  pos- 
sibly four,  distinct  horticultural  races  now  recognized.  After  the 
Spanish  conquest  the  avocado  was  carried  to  other  favorable  sections 


1  Italic  numbers  in  parenthesis  refer  to  Literature  Cited,  p.  47. 
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of  the  Americas  and  Europe.  Now  the  fruit  is  grown  in  almost  all 
parts  of  the  world  where  climatic  conditions  permit  its  culture. 

In  Central  America,  the  West  Indies,  and  northern  South  America 
the  avocado  has  become  a  basic  food  constituent.  In  this  area  trees 
are  commonly  found  growing  singly  or  in  small  groups  near  homes  and 
in  the  coffee  fincas  or  farms.  There  is  a  wide  variation  in  the  quality 
of  these  seedling  fruits  and  also  between  the  fruits  produced  in  various 
parts  of  this  area.  Collins  (10,  p.  21)  reports  finding  the  finest  avo- 
cados on  the  Pacific  coast  of  South  America  especially  near  Tamaco, 
Colombia.  Popenoe  (32)  found  many  excellent  seedlings  in  the  lime- 
stone soils  of  Cuba,  Jamaica,  and  Haiti,  and  near  Santa  Marta,  Co- 
lombia, as  well  as  Mexico's  Yucatan  Peninsula  but  he  found  few  de- 
sirable types  in  the  Lesser  Antilles. 

Avocado  production  in  the  Latin  American  countries  is  enormous. 
Although  no  exact  figures  are  available  on  total  production,  the  supply 
is  generally  sufficient  to  permit  a  much  higher  per  capita  consumption 
in  the  producing  areas  than  in  other  parts  of  the  world.  Puerto  Rico, 


Figuke  1. — Avocado  production  in  Puerto  Rico.    Taken  from  United  States 
Census  for  1940.    Each  dot  represents  100,000  fruits. 


for  instance,  with  about  2  million  population,  produces  about  30 
million  fruits,  or  an  average  of  15  per  person,  whereas  consumption  in 
the  continental  United  States  is  less  than  y2  pound  per  person  (about 
1  small  avocado) . 

In  Puerto  Rico,  as  in  other  islands  of  the  Greater  Antilles,  the 
avocado  was  probably  introduced  not  long  after  the  Spanish  conquest 
of  Central  America  but  little  is  known  of  its  early  distribution  within 
the  island.  It  appears  to  have  been  grown  for  a  considerable  time 
since  large  trees  are  occasionally  encountered  even  in  inaccessible 
mountainous  regions.  The  avocado  is  not  grown  as  an  orchard  crop  in 
Puerto  Rico  and  the  big  majority  of  fruits  produced  are  consumed 
close  to  their  origin.  Avocado  production  is  carried  on  chiefly  in  the 
western  half  of  the  island,  although  some  trees  are  found  in  almost 
all  sections.  The  main  centers  of  production  are  located  in  two 
bands  running  east  and  west  across  the  western  half  of  the  island  as 
shown  in  figure  1.  The  northern  band  extends  from  Aguadilla  along 
the  well-drained,  limestone,  ridge  section,  chiefly  at  elevations  from 
500  to  1,200  feet.    It  includes  the  western  barrios  of  Aguadilla,  the 
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northern  barrios  of  Moca,  San  Sebastian,  Lares,  and  Utuado,  and  the 
southern  barrios  o£  Isabela.  Quebradillas,  Camuy,  Hatillo,  and  Are- 
cibo.  The  soils  of  this  region  are  well  drained  and  tend  toward  a 
neutral  or  alkaline  reaction.  The  rainfall  for  most  of  this  area  is 
between  70  and  100  inches  and  fairly  well  distributed.  The  southern 
band  extends  through  the  northern  barrios  of  San  German,  Sabana 
Grande,  Yauco,  Guavanilla,  Penuelas,  and  Ponce,  including  the  south- 
ern foothills  of  the  central  mountain  range.  This  section  has  a  lower 
rainfall  with  a  long,  well-defined  dry  period.  It  is  also  well  drained, 
having  either  a  limestone  or  porous  subsoil.  The  production  in  Puerto 
Rico  for  a  typical  year  is  listed  by  municipalities  in  table  1. 

Table  1. — The  number  of  trees  and  fruit  "produced  on  the  island  and 
in  the  principal  avocado-growing  municipalities  of  Puerto  Rico, 
as  reported  in  the  lOJ^O  census. 


Municipality 


Trees  in 
production 


Fruit? 


Puerto  Rieo__ 

Ad  juntas  

Aguada_ 

Aguadilla  

Aguas  Buenas 

An  as  co  

Arecibo  

Cabo  Rojo  

Camuy  

Guavanilla  

Gurabo  

Hatillo  

Isabela  

Lares  

Loiza  

Mayaguez  

Moca  

Morovis  

Penuelas  

Ponce  

Quebradillas_ . 

Rincon  

Rio  Piedras__ 
San  German  _ . 
San  Sebastian 

Utuado  

Yabucoa  

Yauco  


279,  004 

21,  655,  446 

7.  022 

672,  795 

2,  -100 

285,  700 

5.  253 

619,  021 

2.  707 

425,  056 

4,  599 

661,  379 

9,  292 

1,  320,  006 

3,  677 

337,  246 

6,  521 

938.  785 

6.  292 

663,  469 

1.  843 

206,  873 

8.  219 

1,  001,  235 

11,  885 

1,  113,  299 

19,  445 

2.  085,  766 

3,  620 

348,  950 

3.  526 

337,  508 

10.  224 

1,  193,  909 

3,  927 

668,  070 

7.  791 

1,  041,  901 

13,  632 

1,  687,  430 

4.  065 

429.  516 

2.  105 

353,  875 

1,  300 

149,  461 

8,  266 

1,  041.  818 

10.  756 

1,  113,  568 

8,  004 

1,  010,  885 

4,  294 

484,  570 

12.  762 

1,  463,  355 

In  the  continental  United  States  the  development  of  avocado  grow- 
ing as  an  industry  began  near  the  turn  of  the  century  in  Florida  and 
a  few  years  later  in  California.  It  has  been  increased  rapidly,  par- 
ticularly in  recent  years,  when  high  prices  for  the  fruits  have  spurred 
the  planting  of  many  new  areas.  The  major  part  of  the  40,000,000  to 
60,000,000  pounds  of  fruit  consumed  annually  in  the  United  States  is 
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Figure  2. — Avacado-growing  sections  of  the  United  States ;  each  dot  repre- 
sents 1,000  trees.  Taken  from  1940  census.  Courtesy  of  Bureau  of  Agricul- 
tural Economics,  U.  S.  Department  of  Agriculture. 


produced  in  southern  California,  near  the  ocean  (fig.  2).  Florida's 
production  is  chiefly  in  the  Miami  area,  with  some  in  the  central- 
ridge  section. 

Imports  from  Cuba  except  during  World  War  II,  when  shipping 
facilities  were  not  available,  have  exceeded  Florida's  production. 

Botany. — The  scientific  name  of  the  avocado  is  Per  sea  americana 
Mill.  It  is  a  member  of  the  laurel  family  or  Lauraceae.  The  species 
is  divided  into  three  horticultural  races  one  of  which,  the  Mexican,  is 
sufficiently  distinctive  botanically  to  stand  as  a  variety,  Persea 
americana  var.  drymifolia.  This  variety  was  formerly  considered  a 
separate  species  but  the  discovery  of  trees  intermediate  between  the 
two  has  justified  its  reduction  to  varietal  rank. 

The  differences  and  similarities  between  the  characters  of  the  three 
horticultural  races  are  indicated  in  table  2.  Trees  of  the  West  Indian 
races  are  adapted  to  low  elevations  in  the  Tropics  and  to  subtropical 
areas  with  little  frost.  The  Guatemalan  race  trees  are  found  in  their 
native  home  at  medium  and  high  elevations  and  are  adapted  to  moun- 
tainous tropical  regions  with  cooler  weather.  Members  of  this  race 
tolerate  moderate  frost.  Those  of  the  Mexican  race  are  tolerant  of 
the  greatest  temperature  range  and  are  more  frost-resistant  than  the 
Guatemalan. 

The  avocado  has  alternate  leaves  varying  widely  in  shape  and  size 
between  trees  and  to  a  certain  extent  even  between  leaves  of  a  single 
flush  on  the  same  tree.  The  flowers  are  small,  greenish  yellow,  with 
6  petal-like  members  of  the  perianth  or  showy  portion  of  the  flower. 
There  are  12  stamens  in  3  whorls  of  4  each  with  an  additional  central 
whorl  of  nonfunctioning  stamens  or  staminodia.  Nectar-secreting 
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glands  at  the  base  of  each  filament  of  the  2  inner  series  attract  in- 
sects. The  ovary,  which  develops  into  the  fruit  after  fertilization, 
contains  a  single  cell  with  only  1  seed  therein. 

The  avocado  fruits  exhibit  great  variation  in  color,  size,  shape,  sur- 
face texture,  and  other  characters.  The  flesh  varies  from  creamy 
white  to  deep  yellow.  Particularly  in  the  West  Indian  race,  a  green- 
ish tint  in  the  flesh  appears  just  below  the  skin.  A  system  of  fibers 
is  embedded  in  the  flesh.  These  fibers  range  in  size  from  those  that 
are  objectionably  thick  and  coarse  to  those  that  are  almost  imper- 
ceptible. The  character  of  the  seed  is  sufficiently  variable  to  aid  in 
distinguishing  between  races,  as  shown  in  table  2.  It  normally  con- 
sists of  two  large  cotyledons  surrounded  by  two  seed  coats  and  con- 
tains a  small  embryo.  Most  seeds  are  tight  within  the  seed  cavity 
of  the  flesh,  but  in  some  varieties,  particularly  in  the  West  Indian 
race,  the  cavity  is  larger  than  the  seed  at  maturity,  permitting  some 
seed  movement.    The  roots  are  devoid  of  root  hairs  (S) . 

Among  the  50-odd  species  in  the  genus  Persea  are  some  species 
of  lesser  importance.  The  coyo  or  shucta  (P.  schiediana  Nees)  is  ex- 
tensively grown  in  some  sections  of  Guatemala.  It  ripens  earlier 
than  the  avocado,  but  is  usually  inferior  in  quality.  It  has  a  brown- 
ish-white or  pale-brown  flesh  with  a  coconut-like  flavor.  The  redbav 
or  bull  bay  of  the  eastern  United  States  coast  is  P.  horhonia  Spreng'., 
a  handsome  ornamental  and  timber  tree  (5).  The  laurel  wreaths 
which  were  used  to  crown  the  athletic  champions  of  ancient  Greece 
were  made  from  the  sweetbay  (Lauras  nobilis  L.),  a  member  of  the 
same  family,  as  are  also  such  well-known  plants  as  camphor  (Cinna- 
momum  eamphora  Nees  &  Eberm),  cassiabark-tree  (C.  cassia  Blume), 
and  cinnamon  (C.  zeylanicum  Breyn). 

Composition  of  the  avocado  flesh. — The  percentage  of  flesh  in 
ripe  Puerto  Rican  avocado  fruits  is  about  60  percent  (Ip) .  Some  of 
the  varieties  in  Florida  are  over  77  percent  edible  pulp  (4-8,  p.  43) . 
The  composition  of  the  fruit  changes  during  its  development.  The 
oil  content  is  particularly  variable,  being  extremely  low  in  the  early 
stages  and  increasing  rapidly  with  age  until  the  fruits  reach  the  stage 
where  they  can  be  picked  and  properly  ripened  in  storage.  After 
this  stage,  which  is  called  physiological  maturity,  the  oil  content  either 
stays  the  same  or  rises  very  slowly.  Conditions  under  which  the 
fruits  are  grown  as  well  as  inheritance  strongly  influence  oil  content. 
For  example,  fruits  of  a  given  variety  have  a  higher  oil  content  when 
grown  in  California,  where  they  develop  over  a  longer  period,  than 
when  produced  in  Florida.  The  Florida  fruits  in  turn  are  higher 
in  oil  than  those  grown  in  the  West  Indies  (Jfe).  Varieties  of  the 
Mexican  race  generally  have  the  highest  oil  content  (12  to  15  percent 
in  Florida),  closely  followed  by  the  Guatemalan  varieties  (10  to  13 
percent)  (48,  p.  45) .  The  West  Indian  fruits  are  considerably  lower 
and  more  variable  than  the  other  two  races  in  their  oil  content,  which 
ranges  from  2  to  7  percent  (4-3,  48) . 

The  percentage  of  dry  matter  in  the  flesh  varies  with  localities  in  the 
same  manner  as  the  oil  content.  The  California  avocados  average 
almost  30  percent  (22),  whereas  Florida's  avocados  are  somewhat 
lower,  15  to  28  percent.  The  protein  content  of  the  fruit  in  Florida 
ranges  from  0.85  to  1.70,  and  in  California  averages  2.1.  The  car- 
bohydrate content  of  1.5  to  2  percent  in  Florida  is  considerably  below 
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the  4.5  percent  average  in  California.  The  ash,  or  mineral  salt, 
content  in  Florida  varieties  is  0.65  to  1.25  percent  and  averages  1.32 
percent  in  California.  The  chemical  characteristics  of  the  avocado 
flesh  have  been  calculated  both  in  Puerto  Rico  (4)  and  in  the  con- 
tinental United  States  (24).  The  results  of  two  investigations  are 
summarized  in  table  3. 


Table  3. — Characteristics  of  the  liquid  fraction  of  Puerto  Rican 

avocado  pulp  oil 


Puerto 
Rico  U) 


25° 

Specific  gravity   

Refractive  index  20°  

Iodine  number  (Hanus)  

Saponification  number  

Acid  value  

Acetyl  value  

Reichert-Meissl  number  

Polenske  number  

Unsaponifiable  matter  percent  _ 

Soluble  acids  do  

Insoluble  acids  do  

Saturated  acids  (corrected)  do  

Unsaturated  acids  (corrected)  do  

Iodine  number  of  unsaturated  acids  

Saponification  number  of  unsaturated  acids  

Peroxide  number,  CC.  0.02X  Xa2S203,  gram  of 
liquid  fraction  (1}£  years  at  time  of  determina- 
tion)  _ 


0.  9159 

1.  4692 
70.  9 

197.  4 
7.  4 
7.  7 
3.  0 
.  3 
1 
4 
7 
7 


1 
3 
87 
26 
65 
97 
201 


4.  8 


Summary 


Glvceride  of- 


Linolenic  acid  

Linolic  acid  

Oleic  acid  

Myristic  acid  

Palmitic  acid  

Stearic  acid  

Unsaponifiable  matter. 
Arachidic  acid  


Content  in  the  oil 


Percent 
Trace 
i  6.  0 
i  62. 
2. 
25. 


1  Values  calculated  from  the  iodine  number  of  the  unsaturated  acid  fraction. 


Dietetic  value. — A  comparison  of  the  composition  of  the  avocado 
flesh  with  that  of  other  well-known  fruits  shows  several  features  which 
indicate  its  value  in  human  nutrition.  The  oil,  which  is  the  chief 
source  of  energy  in  avocados,  has  twice  the  energy  value  of  carbohy- 
drates. Since  carbohydrates  supply  most  of  the  energy  in  other  fruits 
except  the  olive  (4$,  p.  48),  even  the  fruits  of  the  West  Indian  race 
with  their  low  oil  content  have  considerable  food  energy  value.  How- 
ever, the  oil  content  has  been  shown  to  be  independent  of  the  eating 
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quality  (37) .  The  low  carbohydrate  content  of  avocados  makes  them 
particularly  useful  in  diabetic  diets.  The  work  of  Mattill  (28)  indi- 
cates that  avocados  are  easily  digested.  The  protein  content  of  avoca- 
dos is  higher  than  most  fruits.  Its  high  mineral  content  is  of  particular 
dietary  importance  because  of  the  unusually  large  proportions  of  iron 
(28  to  46  parts  per  million),  copper  (13  to  17  p.  p.  m.) ,  and  potassium 
(1.63  to  2.21  percent)  (18). 

The  avocado  flesh  is  particularly  high  in  vitamins  A  and  B  (45)  and 
also  in  vitamin  D  in  high-oil-content  fruits. 

Because  of  its  bland,  nonirritating  nature,  avocado  pulp  is  sometimes 
used  in  the  treatment  of  surface  irritations  of  the  stomach  and  intes- 
tinal tract  (26).  It  has  laxative  properties  resulting  from  the  com- 
bined effect  of  the  roughage  of  the  vascular  tissue,  organic  acids,  and 
oil — a  combination  of  particular  merit. 

Uses. — The  avocado  is  eaten  in  a  number  of  ways.  Probably  the 
most  common  is  in  the  form  of  a  salad  for  which  the  pulp  is  sectioned 
or  diced  and  served  with  salt.  It  is  occasionally  mixed  with  mayon- 
naise, catsup,  nuts,  fruits,  and  celery.  In  many  Latin  American  coun- 
tries the  flesh  is  commonly  added  to  soups  just  before  serving.  Varie- 
ties with  medium  or  thick  skins  can  be  cut  or  broken  in  half,  the  seed 
removed,  and  the  flesh  spooned  out  of  the  half  shell.  In  Brazil,  par- 
ticularly, the  diced  flesh  is  eaten  as  a  breakfast  fruit.  In  the  West 
Indies  the  flesh  is  mixed  with  such  staples  as  rice  and  beans. 

Avocados  are  not  suited  for  dehydration  or  sulfuring  as  a  means 
of  food  preservation,  but  satisfactory  frozen  products  can  be  prepared 
from  them  in  two  ways.  The  macerated  flesh  can  be  either  mixed 
with  sugar  at  the  rate  of  one  part  sugar  to  three  parts  by  weight,  of 
pulp  (11)  or  with  one  part  vinegar  to  five  parts  fruit,  frozen  quickly, 
and  kept  at  15°  F.  or  below.  The  flesh  must  be  protected  from  the  air 
by  a  tight  seal  to  prevent  browning.  The  sweetened,  frozen  pulp  can 
be  eaten  directly  or  used  in  ice  cream  recipes.  It  should  be  completely 
thawed  previous  to  mixing  to  prevent  the  formation  of  ice  crystals 
during  the  freezing  of  the  ice  cream.  The  vinegar  and  pulp  mixture 
makes  a  good  sandwich  spread  alone  or  mixed  with  mayonnaise, 
pimento,  and  medium-ground  pickles. 

Cull  fruits  can  be  fed  directly  to  pigs  and  chickens.  When  suffi- 
cient volume  of  fruit  is  available  the  fruit  can  be  dehydrated  and  the 
oil  extracted  in  several  ways.  If  the  dehydration  is  performed  in  the 
absence  of  oxygen,  the  resulting  press  cake  is  a  superior  concentrate 
for  feed  mixtures.  The  oil  can  be  extracted  by  pressure,  organic 
solvents,  water  flotation,  or  with  the  use  of  other  chemicals,  par- 
ticularly lime  (27).  The  oil  is  valuable  in  cosmetics  because  of  its 
penetrating  properties  and  the  presence  of  phytosterol,  a  carrier  of 
other  constituents,  and  lecithin  for  its  medicinal  properties  (1).  It 
can  also  be  used  in  the  manufacture  of  specialty  soaps. 

The  seed  can  be  ground  and,  when  profitable,  the  more  valuable 
constituents  chemically  removed.  Perseitol,  a  rare  solid  alcohol  with 
seven  hydroxyl  groups,  is  one  of  the  important  constituents  of  the 
seed.  Weatherby  (44)  found  that  the  ground  seed,  either  untreated 
or  after  treatment  with  solvents  to  remove  these  chemicals,  could  be 
used  in  rat  diets  up  to  75  percent  of  the  total  without  deleterious 
effects.  The  balance  could  be  supplied  from  fresh  press  cake.  More 
research  is  necessary  to  determine  what  percentage  of  ground  seed 
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can  be  incorporated  in  cattle  feed.  A  deep,  indelible  black  juice  can 
be  extracted  from  the  seed  which  is  useful  for  marking  linens  (7). 

Avocado  wood  is  light  reddish  brown,  beautifully  figured,  with 
poorly  developed  annual  rings.  It  does  not  crack  or  check  on  drying. 
It  is  light  weight,  40  pounds  per  cubic  foot,  and  although  brittle  and 
not  particularly  strong,  it  has  some  limited  uses  because  it  is  easily 
worked  and  finishes  attractively. 

Climate. — The  climate  of  Puerto  Eico  is  well  adapted  to  avocado 
production  except  in  regions  of  extremely  high  or  low  rainfall.  In 
the  low-rainfall  areas  water  deficiencies  can  be  met  by  supplying  ir- 
rigation water.  The  humidity  in  the  island  is  normally  high,  seldom 
if  ever  dropping  so  low  as  to  cause  actual  damage,  although  this  con- 
dition occurs  in  some  other  parts  of  the  world. 

Temperatures  in  Puerto  Rico  are  adapted  to  avocado  growing. 
Fruits  could  be  produced  during  most  of  the  year  by  growing  West 
Indian  varieties  at  the  lower  elevations,  Guatemalan  varieties  at 
higher  elevations  where  they  are  better  adapted  to  the  cooler  tempera- 
tures, and  interracial  hybrids  at  intermediate  height.  Popenoe  (SO) 
calculated  that  in  Guatemala,  disregarding  local  conditions,  the  time 
of  ripening  of  avocado  was  retarded  at  least  1  month  for  every  1,000- 
foot  increase  in  elevation. 

A  comparison  of  the  time  of  maturity  of  Guatemalan  varieties  in 
Guatemala,  Florida,  and  California  shows  that  for  every  2°  to  2y2° 
increase  in  latitude  there  is  a  delay  in  maturity  equivalent  to  the  delay 
caused  by  a  1,000-foot  increase  in  elevation.  Thus,  Guatemalan  varie- 
ties growing  at  5,000  feet  and  15°  north  latitude  would  bear  at  approxi- 
mately the  same  time  as  the  same  varieties  in  Puerto  Rico  at  18° 
north  latitude  near  an  elevation  of  4,000  feet.  Actually  Guatemalan 
varieties  are  known  to  thrive  in  a  relatively  dry  section  in  Puerto  Rico 
at  1,500  to  2,500  feet,  but  poor  growth  has  been  encountered  in  one 
planting  at  3,200  feet  probably  because  of  excess  soil  moisture. 

PRODUCTION 

Soil  and  water  relations. — The  avocado  is  adapted  to  a  rather 
wide  range  of  soil  types.  Good  growth  can  be  observed  on  stiff  clays 
to  almost  pure  sand  or  limestone,  providing  other  requirements  are 
satisfied. 

Ryerson  (36)  recommends  soil  at  least  4  feet  deep  for  growing  avo- 
cados in  California.  Hodgson  (22)  states  that  3  feet  is  the  minimum 
depth  of  soil  on  which  satisfactory  avocados  can  be  grown.  On  the 
other  hand,  much  of  Florida's  acreage  is  in  areas  with  little  or  no  soil 
other  than  sand  or  broken  limestone,  but  in  these  areas  the  upper  rock 
strata  are  sufficiently  soft  or  broken  to  permit  root  penetration.  The 
good  growth  on  these  limestone  soils,  even  where  shallow,  indicates 
that  a  thick  soil  layer  is  not  always  necessary. 

Haas  (19)  found  by  measuring  the  acidity  of  the  soil  at  its  field 
moisture  content  that  a  much  greater  acidity  than  commonly  believed 
desirable  was  found  in  good  orchards.  However,  Alvarez  2  found  that 
the  incidence  of  root  rot  in  Puerto  Rico  was  far  lower  on  nearly 
neutral  or  slightly  alkaline  soils  than  on  those  with  moderate  or 
strong  acidity. 


2  L.  A.  Alvarez,  plant  pathologist,  Insular  Experiment  Station,  Rio  Pieclras, 
P.  R.,  in  conversation  with  the  author. 
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Excessive  soil  moisture  is  the  most  serious  condition  limiting  avo- 
cado culture  in  Puerto  Rico.  Hodgson  (22)  states  that  the  avocado  is 
extremely  sensitive  to  poor  drainage  and  will  not  endure  a  saturated 
soil.  Any  practice  which  tends  to  increase  the  moisture  content  of  the 
soil  beyond  field  capacity  is  undesirable  and  conversely  any  practice 
which  will  eliminate  excess  soil  moisture  is  desirable.  In  Puerto  Rico, 
avocado  trees  occasionally  are  observed  close  to  stream  beds  where 
it  might  be  concluded  they  would  not  receive  sufficient  drainage.  When 
these  soils  are  examined,  however,  they  are  usually  found  to  be  ex- 
tremely well  drained.  It  has  often  been  noted  that  older  trees  are 
rather  scarce  in  Puerto  Rico  and  occur  only  under  conditions  of  very 
good  drainage.  The  majority  of  Puerto  Rican  soils  hold  moisture  too 
well  to  permit  the  best  development  of  avocados. 

The  bad  effect  of  excess  soil  moisture  is  increased  by  the  presence 
of  a  soil  fungus,  Phytophthora  cinnamomi  Rands,  which  attacks  the 
roots.  This  fungus  can  produce  or  intensify  symptoms  similar  to 
those  produced  by  a  water-logged  soil  alone.  In  80  percent  of  the 
California  trees  affected  with  decline  disease  the  roots  were  infected 
with  this  fungus.  A  few  trees  not  showing  fungus  symptoms  were 
also  found  to  have  some  infected  roots.  Apparently  trees  that  are 
infected  but  vigorous  can  under  conditions  of  good  soil  aeration  con- 
tinue to  grow  for  a  time  at  least  without  showing  symptoms  of  the 
disease.  Since  the  symptoms  do  not  normally  appear  until  after  the 
trees  come  into  bearing  and  since  it  is  difficult  if  not  impossible  to 
cure  a  tree  once  it  begins  to  show  decline  (21) ,  all  possible  precautions 
should  be  taken  to  avoid  this  condition. 

Nurseries  and  orchards  should  be  located  only  on  well-drained  soils. 
"Cut  off"  ditches,  which  consist  of  shallow  surface  drains,  can  be 
located  uphill  from  the  trees  to  intercept  surface  water  moving  toward 
the  trees  from  higher  land.  If  the  soil  has  sufficient  natural  drainage, 
no  tile  drains  are  needed,  except  possibly  near  the  base  of  a  hill  where 
moisture  accumulates.  A  drain  laid  below  the  last  row  of  trees  may 
be  helpful,  but  it  is  safer  not  to  plant  too  close  to  the  bottom  as  the 
soil  moisture  content  tends  to  be  higher  at  the  base  of  a  hill.  In 
planting  avocado  trees  the  ball  should  be  set  1  to  3  inches  above  the 
surrounding  grade  to  improve  run-off. 

Varieties. — The  choice  of  varieties  and  the  location  of  the  trees 
in  the  orchard  may  be  influenced  by  their  flower  behavior.  The  flower- 
ing of  an  avocado  tree  depends  on  its  location,  climate,  and  genetic 
constitution.  Generally  speaking,  avocados  flower  in  the  winter  and 
spring.  However,  in  dry  regions  flowering  may  be  delayed  some- 
times for  several  months  because  of  insufficient  rainfall.  For  this 
reason  the  avocados  of  the  north  coast  of  Puerto  Rico,  which  ex- 
periences a  more  uniform  rainfall  than  the  rest  of  the  island,  flower 
normally  somewhat  earlier.  In  some  years  the  difference  between  the 
extremes  of  flowering  may  be  as  much  as  2  or  even  3  months,  whereas 
in  other  years  there  is  little  difference. 

One  of  the  most  important  factors  to  be  considered  in  the  develop- 
ment of  a  commercial  avocado  orchard  is,  "What  kind  of  trees  shall 
I  plant?"  The  easiest  answer  is  to  plant  any  available  seeds  without 
consideration  of  the  quality  of  fruit  expected.  However,  the  fruit 
produced  from  these  seeds  will  be  quite  variable  in  size,  shape,  and 
other  characters.    The  trees  may  be  tall  and  slender  which  makes 
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them  difficult  to  harvest  and  more  subject  to  wind  damage.  They  will 
not  begin  to  bear  until  about  the  sixth  year,  and  the  fruits  will  all 
ripen  at  about  the  same  time,  usually  at  the  time  when  avocado  prices 
are  lowest. 

Budded  or  grafted  plants  are  recommended  as  they  will  produce 
fruit  which  is  the  same  shape  and  size  range  as  the  parent  stock.  These 
plants  will  be  lower  headed  than  seedling  plants,  which  facilitates 
harvesting.  They  should  begin  to  yield  2  to  3  years  earlier  than  seed- 
lings. By  a  careful  choice  of  varieties  for  time  of  ripening  and 
quality,  the  fruits  obtained  can  be  sold  at  top  prices. 

The  selection  of  a  variety  or  varieties  for  planting  should  be  made 
carefully,  considering  especially — 

1.  Desirable  fruit  characters  : 

Size — medium  to  large  are  desirable  for  local  consumption,  small  to  medium, 
for  export ;  appearance,  attractive,  preferably  dark  green,  smooth  to 
slightly  pebbled ;  skin,  thick  enough  to  protect  flesh  in  transit  but  not 
objectionably  thick  or  tough ;  flesh,  almost  fiberless.  good  quality ;  seed, 
tight  in  the  flesh,  small,  seed  coats  adhering  to  the  seed :  time  of  ripening, 
at  any  season  when  West  Indian  fruits  are  not  available ;  adaptability  to 
shipping,  long  storage  life,  not  easily  bruised,  tolerant  of  cold  storage. 

2.  Desirable  tree  characters : 

Yield — heavy  and  regular,  but  not  so  heavy  as  to  require  thinning,  or  to 
cause  dieback  ;  tree  form,  low  headed  without  excessive  pruning.  Resistant 
to  diseases  and  insects. 

No  single  variety  possesses  the  ideal  characteristics  desired.  Fur- 
thermore, in  order  to  secure  fruit  during  most  of  the  year,  it  is  neces- 
sary to  have  several  varieties  ripening  at  different  seasons  and  mixed 
plantings  to  insure  a  satisfactory  set  of  fruit.  Investigations  under- 
taken chiefly  in  Florida  have  shown  that  the  avocado  is  more  or  less 
self  sterile  because  of  the  peculiar  behavior  of  the  flowers.  The  various 
varieties  can  be  divided  into  two  groups  according  to  their  time  of 
opening  and  closing.  The  first,  or  A  group,  opens  a  set  of  flowers  for 
the  first  time  in  the  morning,  when  the  stigmas  are  receptive  to  pollen 
but  when  no  pollen  is  being  produced,  and  usually  closes  by  noon  and 
remains  closed  until  the  afternoon  of  the  following  day  when  the 
flowers  of  this  set  reopen.  The  stigmas  are  then  no  longer  receptive 
and  the  pollen  is  released.  The  other,  or  B  group,  opens  a  set  of 
flowers  in  the  afternoon  for  pollination  of  the  stigmas  and  usually 
closes  overnight.  They  reopen  the  following  morning  for  pollen  dis- 
persal. Each  day  during  the  flowering  season  a  new  set  of  flowers 
opens  on  all  avocados  except  under  extreme  weather  conditions.  Dur- 
ing the  morning  the  flowers  of  type-A  trees  are  pollinated  by  pollen 
shed  from  the  second  opening  of  type-B  trees,  whereas  type-B  flowers 
are  pollinated  in  the  afternoon  with  pollen  from  type-A  flowers  which 
are  opening  for  the  second  time  (Jfi) . 

In  Florida  a  better  set  of  fruits  was  obtained  when  orchards  were 
planted  with  several  varieties  containing  both  the  A  and  B  types  not 
more  than  three  rows  apart  and  flowering  at  the  same  season.  In 
California  no  particular  advantage  from  mixed  plantings  has  been 
observed.  Since  the  West  Indian  seedlings  commonly  grown  in 
Puerto  Rico  are  a  mixture  of  the  two  types,  there  is  seldom  a  pollina- 
tion problem  in  that  race.  Where  Guatemalan  or  hybrid  types  are 
grown  it  may  be  advisable  to  interplant  several  varieties  representing 
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Figuee  3. — Range  in  blooming  period  of  avocado  varieties  near  Guayanilla,  P.  R., 
based  on  monthly  observations  for  three  seasons.  The  actual  flowering  period 
during  any  one  season  usually  covers  about  one-half  the  extreme  range  shown 
above. 


both  flowering  types  as  their  flowering  is  quite  variable  (fig.  3 ) .  Flow- 
ering of  any  one  variety  may  not  coincide  with  that  of  other  trees  in 
the  neighborhood.  No  experimental  evidence  on  the  extent  of  self- 
pollination  possible  under  Puerto  Rico  conditions  is  available  on  which 
to  base  any  definite  recommendations. 

There  are  many  seedling  trees  growing  in  Puerto  Rico  that  have 
considerable  merit.  The  College  of  Agriculture,  the  Insular  Experi- 
ment Station,  and  the  Extension  Service  of  the  University  of  Puerto 
Rico  have  been  selecting  and  propagating  from  these,  distributing  the 
best  to  farmers  of  the  island.  There  are  doubtless  many  others  worthy 
of  further  testing  which  should  be  reported  to  these  agencies,  and 
propagated  by  the  owners  for  further  trial. 

Because  of  the  lack  of  commercial  orchards  in  Puerto  Rico,  it  is  very 
difficult  to  state  what  may  be  expected  from  the  various  varieties.  The 
only  sources  of  information  on  varietal  performance  are  a  few  col- 
lections which  are  described  in  some  detail.  The  newer  Florida  varie- 
ties remain  untried  in  Puerto  Rico  and  cannot  be  recommended  at 
present  although  some  have  excellent  possibilities. 

The  oldest  collection  of  grafted  avocados  still  growing  in  Puerto 
Rico  is  that  of  the  Insular  Experiment  Station  which  is  chiefly  at 
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Trujillo  Alto.  Guatemalan  varieties  and  several  interracial  hybrids 
have  been  grown  by  the  Federal  station  in  a  cooperative  planting  near 
Guayanilla.  The  soil  in  this  area  is  derived  from  limestone  and  re- 
ceives about  50  inches  of  rainfall  chiefly  in  the  later  summer  and  fall. 
While  yields  have  not  been  satisfactory  because  of  cultural  difficulties 
and  the  low  elevation  (500  feet),  the  performance  of  these  varieties  is 
of  value  because  of  the  lack  of  other  comparative  information  on  these 
races.  There  is  another  planting  of  mature  Guatemalan  race  trees  at 
an  elevation  of  1,600  to  2,200  feet  near  Villalba.  The  varietal  identity 
of  these  trees  has  been  lost,  but  their  production  appears  to  be  con- 
siderably lower  than  the  Guatemalan  varieties  at  lower  elevations. 

Another  young  avocado  collection  of  both  Guatemalan  and  West 
Indian  varieties  has  been  planted  near  Mayaguez  at  700  feet  elevation 
on  Nipe  soil  which  is  very  well  drained.  The  trees  are  3  to  8  years 
old  and  many  have  made  extraordinary  growth. 

The  following  varieties  have  proved  superior  under  the  conditions 
where  they  were  tested  in  Puerto  Kico. 

West  Indian  Race: 

Alzamora. — Selected  from  tree  on  finca  Alzamora,  Mayaguez.  Fruit,  pyri- 
form,  average  weight,  18  ounces  ;  skin,  yellow-green,  smooth,  medium-thick  ; 
seed,  loose ;  season,  late  August,  early  October.  Growing  in  the  finca  of 
Oscar  Castro,  Mayaguez,  where  it  has  made  good  growth  and  produced  fair 
crops. 

Avila. — Originated  in  Quebradillas  in  1934,  finca  of  Joaquin  Avila.  Fruit, 
pyriform ;  weight,  16-25  ounces ;  skin,  light  green,  smooth ;  flesh,  deep 
yellow ;  flavor,  excellent ;  seed,  medium  to  large.  Has  performed  excep- 
tionally well  at  Rio  Piedras  and  distributed  in  some  quantity  throughout 
the  island.    Matures  July  to  September. 

Butler. — Originated  as  seedling  in  U.  S.  Department  of  Agriculture,  Plant 
Introduction  Garden,  Coconut  Grove,  Fla.  Formerly  propagated  to  a 
limited  extent  in  Florida,  but  now  obsolete  there.  Fruit,  pyriform  ;  weight, 
16  to  24  ounces  ;  skin,  light  green,  smooth  ;  flesh,  thick,  almost  fiberless,  deep 
yellow  with  green  zone  underlying  the  skin ;  flavor,  excellent ;  seed,  me- 
dium, tight,  seed  coats  adhere  to  skin. 

Faria. — Selection  from  a  tree  on  Faria's  finca,  Lajas  ;  fruit,  rounded ;  weight, 
14-25  ounces ;  skin,  medium  green,  shiny,  very  smooth ;  flesh,  deep  yellow ; 
flavor,  very  good ;  seed,  medium  size,  sometimes  loose ;  season,  late  June  to 
early  September.    A  superior  variety  at  Rio  Piedras. 

Garcia. — Selected  from  a  tree  growing  near  Trujillo  Alto ;  fruit,  short- 
necked,  pyriform ;  weight,  8  to  16  ounces ;  skin,  yellow-green,  flecked  with 
brown,  smooth  ;  flesh,  very  deep  yellow  ;  flavor,  good  ;  seed,  medium,  loose ; 
season,  late  September  to  November.  Recommended  on  basis  of  tests  at 
Rio  Piedras. 

Hernandez. — Selected  from  a  tree  near  Carolina;  fruit,  pyriform;  weight, 
10-16  ounces  ;  skin,  medium  green,  smooth  ;  flesh,  yellow ;  seed,  fairly  tight ; 
season  July  to  September.   A  good  variety  in  trials  at  Rio  Piedras. 

St.  Just. — Selected  from  a  tree  in  Barrio  St.  Just,  Trujillo.  Fruit,  pyri- 
form ;  weight,  10-20  ounces ;  skin,  brownish  yellow  with  red  blotches,  ma- 
turing a  wine  color,  smooth  ;  flesh,  deep  yellow ;  flavor,  good ;  seed,  medium 
size,  tight ;  season,  September  to  November.  Next  to  Avila,  the  most 
widely  distributed  of  the  Puerto  Rican  selections. 

Selections  in  Puerto  Rico  other  than  true  West  Indian: 

Amador. — Source  unknown.  Fruit,  oblong,  spherical,  flattened  at  the  base ; 
weight,  18-25  ounces ;  skin,  dark  brown,  pebbled,  3/±q  inch  thick ;  flesh, 
deep  yellow ;  flavor,  good ;  seed,  small  and  tight ;  season,  October  to  early 
December ;  growing  at  Isabela.    Has  performed  well  at  Rio  Piedras. 

Galo. — Found  near  Ponce.  Weight,  16-20  ounces;  skin,  dark  green,  dull, 
rough,  3{q  inch ;  flesh,  pale  yellow ;  season,  December  to  January.  Grows 
well  near  Mayaguez  and  on  the  south  coast ;  a  light  but  consistent  bearer. 
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Gimenez. — Selected  from  the  finca  of  Nicasio  Ginienez.  Barrio  Guatemala, 
San  Sebastian.  Fruit,  pyriform,  very  short-necked ;  weight,  12-20  ounces ; 
skin,  green,  smooth ;  flesh,  medium  yellow,  superior  quality ;  seed,  medium, 
tight ;  season,  late  November  to  early  January.  Recommended  chiefly  fol- 
iate season  of  maturity. 

Torres. — Selected  from  the  finca  of  Angel  Torres,  Adjuntas.  Fruit,  obovate  ; 
weight,  12-20  ounces;  skin,  dull  green,  fairly  smooth,  inch;  flesh, 
deep  yellow,  very  good  quality ;  seed,  small,  tight ;  season,  January  to 
April.  Of  special  interest  because  of  growth  at  high  elevation  and  of  its 
late  season  maturity. 

Trttjillo. — Selected  from  the  finca  of  Teofilo  Mercado  near  the  'Teprocomio," 
Trujillo  Alto ;  fruit,  pyriform,  long,  thin  neck ;  weight,  12-22  ounces ;  skin, 
deep  green,  smooth,  ys  inch ;  flesh,  reddish  ;  flavor,  excellent ;  seed,  medium, 
tight ;  season,  September  to  November.  Recommended  on  the  basis  of 
performance  at  Rio  Piedras. 

Guatemalan- West  Indian  Hybrids: 

Collinson. —  (Fig.  4,  C).  Originated  in  Florida.  Fruit,  broadly  obovoid  to 
elliptic ;  weight,  18-30  ounces ;  skin,  leathery,  Yiq  inch,  nearly  smooth, 
glossy ;  flesh,  creamy  yellow ;  flavor,  excellent ;  seed,  medium  size,  loose 
or  tight ;  season,  December  and  January  at  Guayanilla,  P.  R.,  where  it  has 
proved  a  slow  grower  but  heavy  producer  and  rated  one  of  the  best  in  this 
collection.  It  does  not  produce  pollen  so  must  be  interplanted  with 
other  varieties. 

Winslowson. —  (Fig.  4,  D).  Originated  in  Florida.  Fruit,  roundish  oblate; 
weight,  20-40  ounces ;  skin,  dull,  light  green,  smooth ;  flesh,  pale  yellow ; 
flavor,  excellent ;  seed,  medium,  loose ;  season  on  south  coast,  December 
and  January.  Recommended  as  superior  to  most  Guatemalan  varieties ; 
closer  to  the  West  Indian  type  and  therefore  more  acceptable  on  local 
market,  also  large  fruit  size.  Trees  not  as  large  as  other  nearby  varieties 
in  this  planting  indicating  a  possibility  of  closer  spacing ;  not  adapted 
for  export. 

Guatemalan  Race  Varieties: 

Dickinson. — Originally  cultivated  in  California.  Fruit,  oval ;  weight,  9-16 
ounces ;  skin,  very  thick,  rough,  dark  purple  ;  flesh,  medium  yellow ;  flavor, 
good  ;  seed,  small,  tight ;  season,  January  to  February.  A  good  variety  at 
Guayanilla,  yielding  moderate  but  consistent  crops.  Upright  tendency  of 
growth. 

Grande. —  (Fig.  4,  A).  A  California  variety  originally  from  Mexico.  Fruit, 
pyriform ;  weight,  20-32  ounces ;  skin,  rough,  dark  green ;  flesh,  yellow ; 
seed,  medium,  tight ;  season,  December  to  January.  Not  recommended  on 
south  coast,  but  trees,  apparently  of  this  variety,  growing  near  Mayaguez 
have  produced  excellent  crops.  The  large  size  desirable  for  local  consump- 
tion. 

Itzamna. — An  introduction  of  the  U.  S.  Department  of  Agriculture  by  F.  W. 
Popenoe.  Fruit,  oblong  pyriform,  stem  insertion  offset  from  middle  of 
smaller  end ;  weight,  14-18  ounces ;  skin,  rough-pebbled,  dark  shiny  green ; 
flesh,  yellow ;  flavor,  very  good ;  seed,  small,  tight ;  season  on  south  coast, 
February  to  early  April.  A  consistent  high  yielder  in  the  collection  near 
Guayanilla.  Desirable  also  for  late  season  of  maturity.  The  long  fruit 
stems  may  expose  fruit  to  sunburn. 

Nimlioh. —  (Fig.  4,  F) .  An  introduction  of  the  U.  S.  Department  of  Agri- 
culture. Fruit,  elliptical,  large  ;  weight,  20-40  ounces  ;  skin,  slightly  rough, 
dark  dull  green ;  flesh,  rich  yellow ;  flavor,  excellent ;  seed,  fairly  small, 
tight ;  season,  January  and  February.  At  Guayanilla  on  the  south  coast, 
the  tree  grows  slowly  and  bears  moderate  yields  of  large-sized  fruit. 

Panchoy. —  (Fig.  4,  B).  An  introduction  from  Guatemala  by  the  U.  S. 
Department  of  Agriculture.  Fruit,  pyriform  to  nearly  elliptic;  weight, 
16-28  ounces ;  skin,  glossy  green,  roughly  pebbled ;  flesh,  light  yellow, 
nutty;  seed,  medium,  tight.  Season,  March  to  early  April.  Heavy 
yielder  on  the  south  coast  but  susceptible  to  "dieback."  Fruits  have 
undesirably  thick  skin. 
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varieties.    A,  Grande ;  B,  Panchoy ;  0, 
Collinson  ;  D,  Winslowson ;  E,  Manik ;  F,  Nimlioh. 

None  of  the  varieties  containing  Mexican  inheritance  has  proved 
desirable  in  the  plantings  observed  by  the  author  in  Puerto  Rico. 
These  include  the  Fuerte,  Puebla.  and  Gottfried. 

Check  list  of  avocado  varieties  vrhich  have  been  recommended  at 
one  time  or  reported  as  satisfactory  in  Puerto  Rico  : 

Amador. — See  list  of  superior  Puerto  Rican  selections. 

Avila. — See  list  of  superior  Puerto  Rican  selections. 

Benik. — A  Guatemalan  making  fair  growth  at  Gua vanilla. 

Butler. — See  list  of  superior  Puerto  Rican  selections. 

Collinson. — See  list  of  superior  Guatemalan- West  Indian  hybrids. 

Dickinson. — See  list  of  superior  Guatemalan  varieties. 

Dulce. — Origin  unknown,  growing  vigorously  at  the  College  of  Agriculture, 

University  of  Puerto  Rico,  Mayaguez. 
Faria. — See  list  of  superior  Puerto  Rican  selections. 

Fuerte. — A  vigorous  grower  recommended  in  former  years  oefore  dieback  became 
serious. 

9043S4—  51  3 
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Galo. — See  list  of  Puerto  Rican  selections. 
Garcia. — See  list  of  Puerto  Kican  selections. 
Gimenez. — See  list  of  Puerto  Kican  selections. 
Grande. — See  list  of  superior  Guatemalan  varieties. 

Guatemala. — A  selection  from  Barrio,  Guatemala,  San  Sebastian,  for  its  late 

season  of  maturity. 
Hernandez. — See  list  of  superior  Puerto  Rican  selections. 
Ishkal. — A  fair  grower  but  poor  yielder  at  Guayanilla. 
Itzamna. — See  list  of  superior  Guatemalan  varieties. 

Kanan. — A  fair  producer  at  Guayanilla  and  Mayaguez,  upright  tendency  of 

growth  makes  culture  and  harvest  difficult. 
Knight. — A  fair  grower  but  poor  yielder  at  Guayanilla. 
Lamat. — Irregular  bearer  at  Guayanilla. 

Manik. —  (Fig.  4,  E).    A  Guatemalan  variety  worthy  of  further  testing  because 

fruit  holds  well  into  the  spring. 
Monje. — A  high  quality  West  Indian  fruit  bearing  early  in  the  season  for  this 

race. 

Nabal. — Recommended  in  former  years  at  Rio  Piedras. 
Nimlioh. — See  list  of  superior  Guatemalan  varieties. 
Panchoy. — See  list  of  superior  Guatemalan  varieties. 
St.  Just. — See  list  of  superior  Puerto  Rican  selections. 

Tumin. — A  desirable  variety  for  home  use  because  of  the  smooth,  shiny,  attractive 

fruit,  a  poor  yielder  at  Guayanilla. 
Winslowson. — See  list  of  superior  hybrids. 

The  following  varieties  are  not  recommended  at  present :  Dorothea, 
Fuerte,  Gottfried,  Kanola,  Mayapan,  Puebla,  and  Tertoh. 

The  following  varieties  have  been  named  but  not  sufficiently  tested 
to  evaluate :  Archilla,  Capacete,  Cristina,  Dick,  Escalera,  Fajardo,  $40, 
January,  Mercado,  Q2,  Q3,  Q5,  Q7,  Redo  2,  Silva,  Tocon,  and  Torres. 

Nursery  management. — Grafted  trees  are  not  easily  produced  be- 
cause of  the  care  required  at  all  stages  in  their  development.  In 
regions  where  commercial  orchards  are  planted  with  grafted  trees, 
their  production  is  usually  carried  on  by  a  few  specialized  nurserymen 
who  sell  them  to  the  grove  owners.  Since  at  present  there  are  no 
commercial  sources  of  grafted  avocado  trees  in  Puerto  Rico,  it  will 
be  necessary  in  most  cases  for  each  grower  to  graft  his  own  trees. 

The  site  selected  for  the  nursery  should  be  close  to  the  center  of 
operations  where  water  is  available.  Raised  beds  are  preferred  to 
improve  the  drainage.  A  sandy  soil  with  some  well-decomposed 
organic  matter  permits  good  root  development.  The  larger  seeds 
germinate  rapidly  and  produce  bigger  trees  {23).  Guatemalan  race 
seeds  produced  in  proximity  to  West  Indian  trees  are  perhaps  best 
because  of  the  possibility  of  hybrid  vigor  in  the  stock.  Crossing  seldom 
occurs  in  the  reverse  combination.  However,  both  Guatemalan  and 
West  Indian  stocks  can  be  used  for  scions  of  either  of  these  races. 
One  local  grower  feels  that  he  has  less  decline  on  trees  with  Guatemalan 
stock. 

Early  planting  is  advised  since  seeds  lose  their  ability  to  germinate 
within  a  few  weeks  after  removal  from  the  fruit.  Eemoval  of  the 
seed  coat  has  given  earlier  and  more  uniform  germination  at  this 
station.  Seeds  can  be  sprouted  in  special  containers  or  directly  in  the 
nursery  bed.  The  latter  method  avoids  a  check  in  growth  but  does 
not  permit  seedling  selection  for  a  more  uniform  stand.  The  seeds 
are  planted  point  up  and  protruding  from  the  soil  but  covered  by  a 
light  mulch  of  organic  matter. 

To  permit  easy  grafting,  a  spacing  of  14  to  18  inches  in  rows  2  to  2y2 
feet  apart  is  recommended.    The  best  success  obtained  at  Mayaguez 
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was  under  a  lath  shade  which  screened  40  to  60  percent  of  the  light. 
Relatively  frequent,  light  waterings  maintain  the  soil  moisture  near 
optimum. 

In  sandy  soils,  such  as  occur  in  Florida,  the  seedlings  are  planted 
directly  in  soil  contained  in  deep  wooden  boxes,  in  gallon  cans,  or  in 
tar-paper  cylinders  where  they  remain  during  grafting  and  until 
planted  in  the  field.  For  home  gardens  the  plants  are  sometimes 
shifted  to  5-gallon  cans  and  sold  at  a  considerably  higher  price. 

Propagation. — The  age  and  vigor  of  the  stock  have  an  important 
bearing  on  the  percentage  of  successful  "takes"  obtained  in  propagat- 
ing. Young  seedlings  with  only  a  few  expanded  leaves  still  have 
considerable  food  reserves  in  the  seed  to  draw  on.  Moreover,  the  stem 
is  still  succulent  and  capable  of  uniting  quickly  with  the  scion  without 
the  necessity  of  carefully  matched  cambium  lines.  The  percentage 
take  drops  with  the  increasing  age  of  the  stock  until  the  trees  are  old 
enough  to  have  considerable  stored  food  reserves. 

The  selection  of  the  proper  budwood  is  important  for  success  in 
budding.  Some  propagators  prefer  to  defoliate  the  branches  about 
2  weeks  before  cutting  to  permit  the  petiole  bases  to  mature  and  fall 
before  the  bud  is  utilized ;  others  use  the  buds  from  older  sections  of 
the  stem  where  the  leaves  have  already  fallen  in  order  to  have  a  healed 
bud  scar.  On  the  other  hand,  the  base  of  the  petiole  can  serve  as  a 
convenient  handle  when  inserting  the  buds  and  reduces  the  chances  of 
contaminating  the  interior  surface  from  handling.  The  petioles  can 
then  be  cut  off  flush  with  the  bark  to  avoid  difficulties  in  wrapping. 
Some  growers  girdle  the  stem  several  weeks  before  taking  the  budwood 
in  order  to  permit  food  reserves  to  accumulate.  There  is  no  experi- 
mental evidence  to  recommend  these  systems. 

Although  very  young  stock  is  particularly  desirable  for  grafting, 
as  mentioned  later,  a  somewhat  older  stock  is  preferred  for  budding. 
The  bark  of  very  young  seedlings  is  so  thin  that  it  is  easily  torn  in  the 
process  of  inserting  the  bud. 

The  position  and  condition  of  buds  in  relation  to  their  suitability  for 
use  in  propagation  have  received  attention  by  many  workers  (22;  29; 
31,  p.  Ifi;  %6,  p.  SO;  Jfl).  The  opinion  of  the  majority  is  that  the  bud 
sticks  should  be  well  developed,  4  to  6  months  old,  and  preferably  from 
the  last  flush.  Higgins  and  his  associates  (20)  found  wood  from  the 
next-to-last  flush  superior.  The  lowest  buds  of  a  flush  should  be  dis- 
carded as  they  are  difficult  to  start  into  growth,  and  the  soft,  tip 
growth  should  either  be  discarded  or  used  in  grafting  as  these  buds 
drop  the  eyes  too  easily. 

Work  at  the  Federal  station  indicates  that  from  the  third  or  fourth 
bud  below  the  terminal  cluster  to  the  eighth  or  ninth  there  is  no  ap- 
preciable difference  in  the  end  results.  Buds  near  the  center  start 
more  rapidly  but  the  others  are  not  far  behind  after  4  months.  Experi- 
ments in  Puerto  Rico  have  also  indicated  that  if  the  wood  is  taken 
just  as  the  flower  buds  are  first  beginning  to  swell,  greater  success  can 
be  obtained. 

Budwood  can  be  kept  up  to  2  months  by  packing  in  slightly 
dampened  sphagnum,  peat,  sand,  or  in  sealed  jars,  and  storing  in  a 
cool,  dark  place  (22). 

The  shield  bud  method  is  the  one  most  commonly  used  for  budding 
avocados.   The  name  is  clemmed  from  the  shape  of  the  piece  of  bark 
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taken  with  the  bud.  This  shield  is  cut  with  a  very  sharp,  thin-bladed 
knife  which  is  drawn  under  the  bud  for  a  distance  of  1  to  iy2  inches. 
The  knife  handle  is  held  as  nearly  parallel  with  the  bud  stick  as  pos- 
sible in  order  to  make  the  cut  surface  nearly  flat.  Success  is  largely 
dependent  on  securing  a  smooth,  flat  surface  on  the  underside  of  the 
shield  which  will  make  good  contact  with  the  stock.  The  bud  is  slipped 
without  delay  under  the  bark  through  a  T  or  inverted  T-shaped  cut 
(fig.  5).    It  should  be  handled  as  little  as  possible,  particular  care 


Figure  5. — Shield  budding  consists  of  forcing  buds  of  the  desired  variety,  which 
have  been  removed  with  a  thin  section  of  the  surrounding  bark,  under  the  bark 
of  the  stock  through  a  T-shaped  opening.  The  bud  is  cut  holding  the  knife 
closely  in  line  with  the  bud  stick  (A)  for  a  smooth  flat  shield  (B ) .  It  is  pushed 
under  the  bark  at  the  intersection  of  the  T-cuts  (C)  and  (D).  A  rubber 
grafting  band  (E)  holds  it  in  place  during  union. 
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being  taken  to  avoid  touching  the  lower  or  uniting  surfaces.  The  knife 
or  razor  used  to  cut  the  buds  should  be  maintained  in  optimum  condi- 
tion by  sharpening  on  a  leather  strap  at  frequent  intervals.  Sharpen- 
ing after  25  to  30  buds  is  recommended  The  thickness  of  the 
bud  is  also  important.  Buds  that  are  cut  too  thin  are  difficult  to  force 
under  the  bark,  whereas  excessively  thick  buds  are  bound  to  be  gouged 
and  are  too  stiff  to  fit  the  curved  surface  of  the  stock. '  The  best  shield 
is  one  that  is  just  thick  enough  not  to  bend  or  wrinkle  when  inserted 
under  the  bark  of  the  stock. 

The  bud  shield  must  be  tied  in  place  until  the  union  takes.  Rubber 
bands  or  strips  are  particularly  satisfactory,  and,  if  not  wrapped 
tightly,  do  not  require  loosening  as  the  stem  thickens.  Cotton  string, 
*  waxed  cloth  bandages,  or  raffia  have  proved  equally  satisfactory  but 

require  loosening  in  3  to  5  weeks.  All  bindings  should  be  removed 
when  the  scars  are  healed.  The  bud  may  be  further  protected  by  wrap- 
ping with  wax-impregnated  cloth  bandages  or  by  an  umbrella  of  waxed 
paper  tied  above  the  bud  to  prevent  the  entrance  of  moisture.  Forcing 
the  bud  to  grow  into  a  shoot  is  often  a  difficult  job  particularly  in  older 
stock.  This  is  another  reason  for  budding  at  the  earliest  possible 
stage.  The  tops  of  the  stock  plants  can  be  headed  back  as  soon  as  union 
is  completed,  but  several  leaves  should  be  left  above  the  bud  to  prevent 
dieback  until  the  new  shoot  is  well  established.  Girdling  the  stem 
above  the  bud  except  for  a  small  section  on  the  side  opposite  the  bud  is 
recommended  in  Hawaii  {20),  When  the  new  stem  from  the  bud 
reaches  4  to  6  inches  it  is  desirable  to  pull  and  tie  it  toward  the  stock  to 
encourage  upright  growth,  and  to  protect  it  against  strong  winds 
(fig.  6).  The  union  is  easily  broken,  so  strong  pressure  should  be 
avoided.  The  stock  should  not  be  completely  cut  back  until  the  bud 
shoot  is  well  established  and  growing  vigorously  and  at  least  two  new 
flushes  have  developed.  The  final  cut  should  be  made  close  to  the 
shoot  and  sharply  slanting  to  avoid  dieback.  Wound  painting  is  de- 
sirable to  prevent  infection. 

Grafting  is  now  used  almost  entirely  in  Florida  because  the  time 
necessary  to  produce  a  tree  ready  for  field  planting  by  this  method  is 
less  than  that  required  by  budding.  Suitable  scion  wood  is  also  easier 
to  obtain  because  its  condition  is  not  as  important.  When  propagating 
material  is  scarce,  however,  budding  is  desirable  because  many  more 
plants  can  be  budded  than  can  be  grafted  from  an  equal  quantity  of 
wood.  The  best  time  to  graft  is  in  the  cool  winter  months  (48*  p.  50) . 
The  leaves  in  the  grafting  area  of  the  stock  are  cut  cff  flush  with  the 
stem. 

1  In  Florida  the  most  successful  and  the  most  commonly  used  graft 

in  very  young  stock  is  a  simple  side  graft  (  fig.  7.  B) .  When  this  graft 
is  used  a  slanting  cut  is  made  into  the  stock  stem  a  few  inches  above 
the  ground  penetrating  downward  about  2  inches  and  about  half 
way  or  less  through  the  stem.  The  scions  are  cut  from  the  tips  of 
branches  2  to  3  inches  long.  The  leaves  are  cut  off  through  the  petiole 
close  to  the  stem,  and  the  base  is  cut  to  a  slender  wedge  by  tapering  the 
cuts  on  each  side.  The  wedge  is  inserted  in  the  opening  in  the  side 
of  the  stem  so  that  no  cut  surfaces  are  exposed,  and  is  held  firmly  by 
wrapping  with  rubber  strips.  String,  raffia,  and  other  nonelastic 
binding  materials  are  cut  away  in  2  to  3  weeks  to  avoid  girdling.  When 
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Figure  6. — The  young  growth  from  buds  or  scions  should  be  tied  to  the  stock  or 
to  a  stake  for  wind  protection  and  to  encourage  upright  growth.  The  unions 
are  still  weak  and  will  break  if  pulled  too  tightly. 


the  grafted  surfaces  have  united,  a  new  tie  may  be  made  for  support. 
At  this  stage  the  stock  top  is  headed  back  and  subsequent  treatments 
are  the  same  as  for  budded  plants. 

If  the  side  graft  fails  the  stem  may  be  cut  off  2  to  3  inches  above  the 
soil  and  the  butt  split  through  the  center.    A  scion  prepared  as  in  the 
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Figure  7 —Two  simple  forms  of  grafting.  A,  Cleft  grafting  on  young  seedling 
stock.  '  From  left  to  right :  Decapitated  stock  cleft  to  take  scion ;  scion  with 
slender  taper  on  both  sides ;  scion  in  place ;  and  scion  bound  with  rubber  grait- 
ing  band.  B,  Side  grafting.  Left  to  right:  Scion  wood  as  prepared  after 
removal  from  the  tree ;  scion  in  place  ;  a  scion  tapered  ready  for  insertion  ;  and 
graft  bound  with  rubber  grafting  band. 
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side  graft  is  forced  into  the  split  or  cleft  until  the  cut  surfaces  are  in 
contact  (fig.  7,  A).  The  graft  is  covered  with  grafting  bandages,  or 
tied  with  raffia,  soft  string,  or  rubber  strips.  Some  method  of  water- 
proofing is  required  where  the  grafts  are  exposed  to  rains.  Grafting 
wax  may  be  painted  over  the  area,  or  waterproof  paper  may  be  tied 
over  the  graft.  This  method  was  reported  highly  successful  at  the 
Mayaguez  station  some  years  ago  with  very  young  stock. 

In  the  open,  the  cleft  graft  has  not  been  as  successful  as  either  side 
grafting  or  budding  in  recent  years.  For  slightly  older  stock,  side- 
tongue  grafts  were  more  successful.  This  type  of  graft  increases  the 
area  of  cambium  contact  and  helps  to  hold  the  scion  in  place.  The 
side-tongue  graft  is  prepared  similarly  to  the  side  graft  except  that 
a  second  cut  is  made  in  the  stock,  starting  from  the  same  point  but 
penetrating  deeper  into  the  stem,  and  the  scion  is  split  back  through 
the  tip  of  the  tapered  base  a  distance  equal  to  the  length  of  the  cuts 
in  the  stock  (fig.  8,  ^4.).  The  scion  is  i:>laced  in  position  by  forcing 
the  wedge  between  the  two  cuts  in  the  stock  into  the  split  in  the  base 
of  the  scion.  It  is  necessary  to  have  the  cambium,  or  the  part  of  the 
stem  between  wood  and  bark,  in  close  contact  with  similar  tissue  in 
the  scion.  The  best  success  is  obtained  where  stock  and  scion  are  the 
same  diameter.  Where  the  stock  and  scion  are  quite  different  in  size 
it  is  possible  to  get  contact  on  one  side  only.  Whip,  or  top-tongue 
grafts  (fig.  8,  Z?),  are  slightly  easier  to  accomplish,  but  they  require 
time  for  the  development  of  a  new  top  if  the  graft  fails. 

A  more  cumbersome  but  surer  way  is  inarching.  A  thin  strip  is  cut 
from  the  stem  of  a  potted  stock  seedling  and  firmly  bound  to  a  similarly 
cut  section  of  the  stock  tree.  The  pots  may  require  tying  to  a  tree  or 
the  construction  of  a  frame  support  under  large  trees.  After  union 
the  scion  is  cut  off  from  the  tree  (fig.  9) . 

Older  trees  can  be  top-worked  by  cutting  back  branches  to  within  a 
foot  or  two  of  the  trunk  and  inserting  scions  in  these  butts.  The 
scions  should  be  taken  from  somewhat  older  wood  than  that  used  for 
young  seedlings.  In  top-bark  grafting  the  scions  are  cut  with  a  single 
smooth  sloping  cut  at  the  base  and  inserted  between  the  bark  and  the 
wood  at  the  exposed  ends  of  the  old  branches,  with  the  cut  surface 
facing  inward.  Two  to  four  scions  are  inserted  in  each  stub,  depending 
on  its  size,  and  are  nailed  in  place. 

The  cut  ends  of  the  old  branches  can  also  be  cleft  grafted,  in  the 
same  manner  as  with  very  young  stock,  but  preferably  during  the 
winter  when  the  trees  are  dormant.  In  mature  trees,  the  opening  must 
be  forced  apart  with  a  wedge  to  prevent  damage  to  the  scions,  even 
when  taken  from  older  wood,  and  in  very  heavy  stems  a  part  of  the 
wedge  must  be  left  in  place  to  avoid  crushing  the  scions.  Two  scions 
tapered  on  both  sides  are  placed  in  the  opening  thus  formed,  so  as  to 
match  the  cambium  lines  at  both  ends  of  the  cleft.  The  cuts  for  taper- 
ing the  scion  base  are  made  not  quite  parallel,  and  the  thicker  end  is 
placed  on  the  outside  of  the  cleft  for  close  cambium  contact,  As  the 
tree  bark  is  much  wider  than  that  of  the  scion,  the  scion  must  be  inlayed 
sufficiently  to  match  the  cambium  lines.  A  somewhat  better  fit  can  be 
obtained  if  the  V-shape  necessary  for  the  scion  wedge  is  sawed  out 
and  the  surface  smoothed  with  a  knife. 

In  California  a  method  called  saw  kerf  is  recommended  in  which 
shallow  notches  are  sawed  out  of  the  tip  of  the  butt  and  are  smoothed 
with  a  knife. 
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Figure  8.— Tonnage  grafting.  A,  Side  tongue  grafting.  Left  to  right :  Stock  cut 
preparatory  to  grafting ;  scion  similarly  cut ;  scion  in  place  ready  for  budding ; 
graft  bound  with  rubber  grafting  band.  B,  Top  tongue  or  whip  grafting  in 
the  same  order. 


It  is  essential  to  give  complete  protection  to  prevent  drying  out  of 
the  tender  tissues  exposed  in  the  grafting  operation,  to  avoid  wood 
rot  fungi,  and  to  prevent  the  entrance  of  water.    For  this  purpose  all 
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the  exposed  surfaces  should  be  thoroughly  coated  with  a  suitable  graft- 
ing* compound.  The  upper  portion  of  the  scions  should  be  protected 
against  drying  by  wrapping  a  piece  of  roofing  paper  around  the  stump 
end  of  the  branches.   The  cylinder  thus  formed  should  extend  beyond 


Figure  9. — Avocado  propagation  by  inarching  consists  of  binding  the  cut  surfaces 
of  seedlings  against  steins  of  similar  size  of  the  desired  variety  until  the  two 
are  united.   The  scion  is  then  cut  below  the  union. 


the  tips  of  the  scions.  It  is  then  filled  with  moist  peat  and  watered  if 
necessary  until  new  growth  develops.  Another  method  of  protecting 
the  upper  end  of  scions  consists  of  forcing  a  small  section  of  banana 
leaf  stem  over  each  scion  and  leaving  it  in  place  until  union  is  complete. 
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When  the  treetop  is  cut  off  the  bark  is  exposed  to  the  sun.  White- 
washing will  prevent  sunscald  or  high-temperature  injury.  Top- work- 
ing a  tree  is  far  more  difficult  and  time  consuming  than  grafting  a 
small  seedling.  It  also  requires  regular  inspections  and  follow-up 
work  to  keep  the  unions  in  good  shape  and  to  develop  a  well-formed 
head.  Generally,  only  one  branch  is  allowed  to  develop  from  each 
stump  branch  even  when  more  than  one  scion  takes ;  but  the  others  are 
not  destroyed  completely  as  they  help  to  heal  the  exposed  stump. 

A  more  simple  method  of  top  working  consists  of  side-bark  grafting. 
In  this  method  two  parallel  vertical  cuts  are  made  in  the  main  branches 
or,  in  smaller  trees,  directly  in  the  trunk  as  wide  as  the  scion  to  be 
inserted.  A  horizontal  cut  across  the  top  of  the  two  vertical  ones  per- 
mits a  flap  of  bark  to  be  pulled  away.  The  scion  should  be  inserted 
far  enough  so  that  the  bark  above  does  not  interfere  with  the  direct 
contact  between  exposed  cambial  surfaces.  The  scion,  tapered  to  a 
slender  wedge  by  smooth  cuts  on  both  sides  of  the  base,  is  inserted  and 
held  fast  by  a  nail  through  the  flap.  The  cut  surfaces  are  protected 
by  grafting  compounds.  After  the  graft  has  taken  and  the  new  growth 
started,  the  branch  or  trunk  can  be  headed  back  and  finally  cut  off 
with  care  to  avoid  damage  to  the  new  shoot.  In  addition  to  its  sim- 
plicity, this  method  has  these  advantages — production  from  the  tree 
need  not  be  stopped  until  a  successful  graft  is  obtained  and  the  trunk 
is  shaded  at  all  times,  thus  eliminating  the  necessity  of  whitewashing. 
The  bark  graft  can  also  be  used  on  young  stocks ;  in  this  case  the  scion 
is  forced  into  a  T-cut  in  the  bark  as  in  shield  budding. 

A  number  of  special  forms  of  grafting  such  as  the  seed  graft,  in 
which  the  scion  is  inserted  in  the  seed  with  the  tip  of  the  wedge  in 
contact  with  the  embryo,  are  adapted  for  special  purposes.  These 
methods  are  not  in  general  use  and  are  therefore  not  considered  in  this 
circular. 

Another  method  is  to  plant  seedlings  in  the  orchard  at  the  spacing 
desired  for  the  trees.  After  3  years  these  are  grafted  to  the  desired 
varieties.  This  method  avoids  any  possible  loss  of  grafted  trees  in 
transplanting  and  delays  decision  with  regard  to  the  scion  varieties 
to  be  used.  The  additional  2  years'  performance  record  of  possible 
scion  varieties  in  other  plantings  may  change  the  decision  as  to  what 
varieties  to  use. 

Establishing  an  orchard. — By  proper  planning,  it  is  possible  to 
avoid  many  of  the  troubles  that  are  difficult  to  overcome  in  later 
stages  of  orchard  development.  The  discussion  of  soil  and  moisture 
relations  should  be  carefully  considered  in  connection  with  any  pro- 
posed orchard  site.  Wind  protection  is  another  factor  of  importance 
in  locating  an  orchard.  The  drying  effect  of  even  moderate  winds 
is  much  greater  than  most  people  realize.  In  fact,  at  times  moisture 
may  be  lost  from  the  leaves  at  an  even  greater  rate  than  the  roots 
and  stem  can  supply.  Although  citrus  leaves,  for  instance,  wilt 
soon  after  this  condition  occurs,  the  stiffer  avocado  leaves  may  not 
show  loss  of  moisture  until  the  leaf  tips  die  or  the  fruits  begin  to  fall 
prematurely.  Wind  movement  may  cause  mechanical  damage  by 
branches  rubbing  against  the  fruits  which  mars  their  appearance  and 
may  serve  as  an  entry  way  for  fruit  rot  organisms.  A  well-protected 
location  is  therefore  a  great  asset. 
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More  exposed  sites  may  be  utilized  if  satisfactory  windbreaks  are 
developed.  The  only  satisfactory  permanent  windbreaks  are  trees. 
They  should  be  planted  before  the  fruit  trees,  or  at  the  same  time 
if  temporary  windbreaks  are  also  used.  Temporary-type  windbreaks 
include  screens  covered  with  burlap  or  similar  mechanical  structures, 
rows  of  tall,  quick-growing  crops  such  as  pigeonpeas  or  "gandules" 
(Oajanus  cajan  (L.)  Millsp.),  bananas,  tall-growing  Crotalarias,  and 
"vara  blanca"  (Desmodium  nicaraguensis  Oerst).  Several  species  of 
Casuarina  are  the  most  commonly  recommended  windbreak  trees,  but 
their  roots  spread  from  50  to  75  feet  from  the  trunk  and  compete 
with  adjacent  crop  tree  roots  unless  controlled  by  cut-off  ditches. 
In  Florida  the  Australian  silk-oak  (GreviUea  robust  a  Cunn.)  and  the 
jambolan  (Eugenia  jambolana  Lam.)  are  recommended.  The  rose 
apple  (E.  jamb os  L.)  grows  wild  in  Puerto  Eico  and  can  also  serve  as 
a  windbreak. 

Windbreak  trees  can  be  reduced  or  eliminated  if  the  avocados  are 
grown  in  mixed  plantings  with  more  wind-tolerant,  tall  trees  such 
as  coconuts  (Oocos  nucifera  L.),  breadfruit  (Artocarpus  communis 
Forst.),  mango  (Mangifera  indiea  L.),  and  shade  trees  for  coffee  such 
as  Inga  vera  Willd.  or/,  laurina  (Sw.)  Willd. 

In  cleared  land  that  is  not  too  steeply  sloping,  the  holes  for  planting 
can  be  laid  out  geometrically  in  the  staggered  row  system,  so  that 
every  tree  is  equidistant  from  its  neighbors.  A  spacing  of  30  to  35 
feet  is  recommended  for  grafted  trees  on  fertile  soil.  If  the  land 
slope  permits,  a  wider  space  should  be  left  every  6  to  8  rows  as  a  road 
to  facilitate  harvesting  and  orchard  management. 

Many  areas  are  already  planted  to  coffee  and  other  economic  crops. 
Farmers  are  reluctant  to  clear  all  the  land  for  a  crop  which  will 
not  yield  for  4  years  or  more.  The  existing  vegetation  will  supply 
both  shade  and  wind  protection  to  young  avocado  trees,  if  properly 
opened.  The  problem  here  is  not  a  question  of  clearing  the  land 
and  cultivating  by  mechanical  means,  but  of  locating  the  points  for 
planting  so  that  the  trees  will  have  approximately  the  desired  spac- 
ing. Some  variation  in  spacing  is  sometimes  necessary  to  avoid 
planting  directly  under  trees  with  heavy  shade,  but  irregularities  in 
spacing  will  reduce  the  ultimate  yield. 

In  digging  the  holes  the  topsoil  should  first  be  removed  and  piled. 
Then  the  subsoil  should  be  removed  and  discarded  as  only  topsoil 
should  be  used  to  fill  around  the  tree  balls.  The  holes  should  be  some- 
what wider  than  the  tree  balls  but  no  deeper  than  necessary  to  avoid 
later  settling. 

When  the  new  growth  from  the  scion  or  bud  has  developed  into  a 
bushy  head  as  a  result  of  heading  back  (fig.  10,A),  and  after  the  or- 
chard location  has  been  prepared  and  the  holes  dug,  the  trees  can 
be  prepared  for  moving.  This  consists  of  digging  the  soil  away  from 
the  roots  until  a  cylinder  7  to  8  inches  in  diameter  and  10  to  12  inches 
deep  of  undisturbed  soil  containing  most  of  the  roots  is  left  (fig. 
10,5).  Burlap  is  then  placed  over  this  cylinder,  leaving  4  to  5  inches 
extra  at  the  base.  The  burlap  is  drawn  firmly  around  the  soil  cylin- 
der by  sewing  with  strong  cord  using  a  coarse  lock  stitch,  starting 
from  the  stem  and  continuing  clown  the  side  (fig.  10, C) .  The  cylinder 
is  then  cut  away  from  the  soil  below  and  the  base  similarly  sewed 
(fig.  10,D). 
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Figuee  10. — Avocado  transplanting.  .4,  A  grafted  avocado  in  the  nursery,  ready 
for  transplanting.  B,  The  soil  cylinder  containing  most  of  the  roots.  C,  Bur- 
lap sewed  firmly  around  top  and  down  the  side  with  enough  to  cover  the  bot- 
tom after  the  cylinder  is  cut  off.  D,  The  "ball''  ready  for  moving;  the  bur- 
lap sewed  firmly  over  the  bottom. 


These  balled  and  burlaped  trees  must  be  handled  with  extreme 
care  to  avoid  breaking  the  fine  rootlets  in  the  soil.  The  plants  should 
always  be  handled  by  the  ball.  A  deep  cushion  of  freshly  cut  mulch 
should  be  placed  under  the  balls  when  they  are  to  be  transported  over 
rough  roads. 
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The  burlap  can  be  cut  away  when  the  ball  is  in  place  if  the  ball 
of  soil  is  still  firm.  Otherwise,  it  may  be  left  in  place  as  it  will  rot 
before  it  seriously  impairs  new  root  growth.  One  of  the  most  impor- 
tant steps  in  planting  is  to  replace  the  soil  in  close  contact  with  the 
ball  to  avoid  large  aif  spaces.  The  soil  used  should  be  pulverized 
and  packed  in  thin  layers,  unless  it  is  wet.  This  packing  should  be 
done  on  the  filled  earth.  Care  should  be  exercised  not  to  hit  the  soil  in 
the  ball.  The  newly  set  plants  should  be  given  an  immediate,  thor- 
ough watering  to  aid  in  compacting  the  new  fill.  Subsequent  water- 
ings should  be  given  whenever  the  rains  are  not  uniform  or  sufficient. 

Trees  may  be  left  in  the  nursery  until  they  are  quite  large  to  reduce 
the  time  until  the  orchard  begins  to  bear,  but  small  trees  are  easier  to 
transplant  as  they  require  smaller  balls  of  soil  and  are  less  checked 
in  growth  as  a  result  of  moving. 

Orchard  management. — If  the  area  between  trees  is  not  already 
utilized  for  other  crops,  it  should  be  planted  to  help  carry  the  expense 
of  the  orchard,  as  an  aid  in  cultivation,  and  as  a  soil-conservation 
measure.  Almost  any  crop  which  can  be  planted  in  such  a  way  as  to 
avoid  excessive  shading  of  the  avocados  and  not  to  damage  the  roots 
in  harvesting,  can  be  utilized.  It  should  be  kept  in  mind  that  the 
spread  of  roots  will  exceed  that  of  the  tops  within  a  year  or  two  of 
planting ;  hence  no  root  crop  should  be  planted  closer  than  twice  the 
spread  of  the  tops.  Pigeonpeas  or  "gandules"  are  particularly  good 
as  these  plants  are  fairly  tall,  quick  growing,  do  not  cast  dense  shade, 
and  at  the  same  time  build  up  the  nitrogenous  content  of  the  soil 
through  action  of  root  nodule  bacteria.  They  should  not  be  seeded 
closer  than  5  feet  to  the  trees  as  they  may  reach  a  height  of  10  to  12 
feet.  Bananas  and  plantains  are  desirable  at  a  greater  distance  for 
their  wind  protection  and  because  the  crop  returns  justify  fertiliza- 
tion, some  of  which  benefits  the  avocados  also  (fig.  11).  Cover  crops 
such  as  Crotalaria,  velvetbeans  {Stizolobium  spp.),  and  tropical 
kudzu  (Pueraria  phaseo7oides  (Eoxb.)  Benth.),  are  desirable  for  soil 
improvement  or  as  a  source  of  cut  forage. 

Unless  the  soil  is  mulched,  cultivation  may  be  necessary,  particu- 
larly in  the  early  years,  until  the  avocados  are  old  enough  to  shade 
the  surrounding  ground.  The  chief  purpose  of  cultivation  is  to  dis- 
courage competing  weeds,  particularly  vines,  which  can  be  accom- 
plished by  frequent  "macheting."  A  more  lasting  control  can  be 
obtained  by  shallow  cultivation,  y2  to  iy2  inches  deep.  Deeper  culti- 
vation is  not  desirable  as  this  practice  cuts  off  the  tree  roots  in  the 
upper  soil  layer  where  they  are  most  active. 

Pasturing  animals  in  avocado  orchards  is  almost  always  undesir- 
able. Chickens  and  hogs  disturb  the  soil  and  thus  destroy  the  feeding 
roots.  Larger  animals  tend  to  compact  moist  soils,  which  aggravates 
excessive  soil  moisture  conditions  where  they  exist.  Furthermore, 
avocado  foliage  has  been  shown  to  be  poisonous  to  and  may  even  kill 
rabbits  (3)  and  probably  other  animals,  if  consumed  in  sufficient 
quantities.  If  an  animal  is  tethered  to  a  tree,  cankers  may  develop 
on  the  tree  trunk  where  the  rope  was  tied. 

Fertilization  of  avocado  orchards  has  never  been  studied  under 
Puerto  Rican  conditions.  Consequently  any  recommendation  is  of 
little  value.  The  subject  can  best  be  approached  from  a  review  of 
fertilizer  practices  in  other  parts  of  the  world.    Hodgson  (22)  rec- 
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Figuke  11. — Young  avocados  with  banana  intercrops. 


ommends  from  125  to  200  pounds  of  nitrogen  per  acre  per  year  in  the 
bearing  orchard  in  California.  This  amount  is  equivalent  to  the 
nitrogen  in  1,250  to  2,000  pounds  per  acre  of  a  complete  fertilizer 
carrying  10  units  of  nitrogen  or  625  to  1,000  pounds  of  ammonium 
sulfate.  Additional  applications  may  be  required  if  a  heavy  crop  is 
set.  For  young  trees  the  desirability  of  any  fertilization  in  fertile 
soil  is  open  to  question.  Since  most  California  soils  are  relatively 
well  supplied  with  phosphorus  and  potash,  the  use  of  these  fertilizers 
is  not  recommended  aside  from  that  carried  by  organic  matter,  or 
where  deficiencies  can  be  shown  by  improved  growth  of  test  trees. 

In  Florida  where  the  avocado-growung  soils  are  either  sandy  or 
broken  limestone,  the  nutrients  are  leached  more  rapidly  and  the  or- 
chards require  frequent  applications  of  fertilizer.  Wolfe  et  al.  {JfS) 
recommend  that  the  nitrogen  for  young  trees  should  be  chiefly  from 
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organic  sources.  Avocado  plantings  should  receive  a  mixed  fertilizer, 
high  in  phosphate,  every  60  days  for  2  years.  A  rough  guide  to  the 
amount  required  annually  as  recommended  in  Florida  but  adjusted  to 
fit  the  nearest  approved  formula  for  Puerto  Rico  is  1  pound  of  a 
12-8-5  fertilizer  per  tree  for  every  year  of  its  age  for  the  older  trees. 
This  annual  amount  is  divided  into  three  equal  applications.  Neither 
California  nor  Florida  has  comparable  soils  to  those  of  Puerto  Rico. 
The  chief  point  in  common  from  the  above  recommendations  is  the 
benefit  from  nitrogenous  fertilizer  in  bearing  orchards.  A  moderate 
application  of  nitrogenous  and  perhaps  complete  fertilize]"  appears 
advantageous  for  bearing  trees  in  Puerto  Rico. 

The  use  of  mulches  in  avocado  growing  has  many  advantages. 
Weed  control  is  simplified  and  the  physical  condition  of  the  soil  is 
improved.  The  roots  can  grow  closer  to  the  surface  since  soil  under  a 
mulch  is  less  susceptible  to  drying  out.  Soil  erosion  and  fertilizer 
runoff  are  reduced  to  a  minimum.  Falling  fruits  are  less  apt  to  be 
injured  because  of  the  cushioning  effect  of  the  soft  mulch. 

The  mulch  may  consist  of  leaves,  grass,  or  other  suitable  organic 
matter,  particularly  legumes,  and  should  be  applied  at  least  6  inches 
thick,  preferably  deeper.  A  mulch  decomposes  fairly  rapidly  in  a 
warm  climate  and  will  require  replenishing  at  the  beginning  of  each 
dry  season.  It  should  not  be  placed  in  direct  contact  with  the  tree 
trunk.  For  a  bearing  tree  the  mulch  need  not  be  applied  closer  than 
2  feet  from  the  trunk,  but  it  should  extend  beyond  the  spread  of  the 
branches  where  many  of  the  feeding  roots  are  found.  Fertilizer  may 
be  applied  to  the  surface  of  the  mulch  as  an  aid  in  decomposing  it  and 
to  prolong  the  period  of  availability  to  the  roots.  Mulching  normally 
increases  the  moisture  content  of  the  soil  and  should  not  be  used  where 
there  is  any  question  of  adequate  drainage  in  order  to  avoid  possible 
root  rot  infection.  In  high  rainfall  areas  the  use  of  mulch  during  the 
period  of  heavy  rains  may  be  questioned. 

Mulches  are  particularly  beneficial  to  trees  that  are  not  otherwise 
fertilized;  they  are  even  more  important  on  steep  slopes  Avhere  soil 
erosion  is  severe  and  where  it  is  difficult  to  use  mechanical  means  of 
cultivation.  Mulches  seldom  if  ever  constitute  a  fire  hazard  under  the 
usual  conditions  of  high  humidity. 

The  avocado  usually  requires  little  pruning.  Pruning  should  be 
done  only  when  necessary  for  a  particular  purpose  such  as  in  heading 
back  trees  to  facilitate  harvest  and  to  decrease  wind  damage  (fig. 
12,  C).  Any  necessary  pruning  should  be  done  yearly  to  avoid  the 
severe  checks  in  growth  and  large  wounds  when  pruning  is  delayed. 
Branches  which  lie  on  the  ground  should  be  removed.  When  the 
branches  are  spaced  too  close  together,  they  should  be  thinned  out  to 
secure  a  strong  framework  of  evenly  spaced  branches  (fig.  12,  D). 

Other  pruning  recommendations  call  for  removal  of  cross  branches 
and  suckers  (fig.  12,  A)  and  thinning  the  head  to  improve  the  develop- 
ment of  fruit  in  the  center  of  the  tree  {IS).  If  dieback  develops  (fig. 
12,  B)  the  affected  branch  should  be  cut  off  several  inches  below  the 
infection  and  burned.  In  pruning,  clean  smooth  cuts  should  be  left 
at  the  point  where  the  branch  originated  or  flush  with  a  side  branch 
so  that  no  stubs  remain  to  die  and  serve  as  an  entrance  for  wood  rot 
fungi  or  termites.  In  cutting  main  branches  it  is  desirable  to  first 
cut  to  a  stub  about  3  feet  from  the  main  trunk  to  relieve  the  weight 
on  the  final  cut  and  reduce  the  danger  of  splitting. 
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Figure  12. — Pruning  and  tree  form.  A.  Sucker  growth  close  to  the  trunk  is 
normally  undesirable  and  should  be  removed.  B,  Poorly  shaped,  weak  avocado 
tree  showing  some  dieback ;  too  far  developed  to  improve  form  by  pruning. 
C,  Well-shaped  avocado  with  low  head  for  easy  harvesting,  with  intercrops 
of  pineapple  (a)  and  pigeonpeas  (&).  D,  A  wide  angle  of  branching  desirable 
for  strong  framework. 

Avocado  trees  should  be  encouraged  to  develop  either  one  of  two 
generally  desirable  forms.  In  the  central  leader  type  the  main  trunk 
is  well  developed  and  all  other  branches  are  more  or  less  perpendicular 
to  it ;  whereas  in  the  modified  leader  type  two  to  five  of  the  lower  side 
branches  are  well  developed  and  turn  upward,  serving  as  secondary 
trunks.  The  latter  form  (fig.  12,  C)  is  easier  to  handle  as  the  tops 
are  lower  but  under  such  pruning  the  tree  is  not  so  strong  as  under 
other  types  of  pruning.  Double  or  multiple  leader  trees  branching 
at  very  narrow  angles  are  undesirable  because  the  crotches  of  such 
trees  are  easily  split. 

Thinning  of  fruit  when  a  very  heavy  crop  is  set  is  seldom  practiced 
in  Puerto  Rico.  The  usual  purpose  of  this  operation  is  to  overcome 
alternate  bearing  or  the  tendency  of  some  varieties  to  yield  heavy 
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crops  every  other  year.  This  tendency  is  more  pronounced  in  the 
Guatemalan  race  where  the  fruit  remains  on  the  trees  for  10  to  15 
months  thus  affecting  more  seriously  the  flowering  and  set  of  the  suc- 
ceeding crop.  In  Puerto  Kico  the  majority  of  the  trees  show  irregular 
yield  rather  than  any  definite  periodicity.  The  chief  benefit  to  be 
gained  from  thinning  in  Puerto  Rico  is  the  prevention  of  excessive 
weakening  of  the  trees  from  overproduction.  A  number  of  cases  of 
severe  dieback  or  even  death  of  the  trees  occurred  the  year  following 
the  development  of  an  extra  large  crop. 

The  grower  is  naturally  adverse,  however,  to  removing  fruit  that  is 
already  growing  on  his  trees  and  that  represents  potential  profit  with 
the  objective  of  obtaining  possible  increases  in  future  years.  Further- 
more, a  considerable  amount  of  natural  self -pruning  takes  place  at 
all  stages  of  fruit  development.  However,  the  earlier  the  excess  fruits 
are  removed  the  sooner  the  heavy  drain  on  the  food  reserves  of  the 
tree  can  be  eliminated  and  the  more  effective  the  operation  will  be. 
Early  thinning  also  tends  to  increase  the  size  of  the  remaining  fruit. 

In  thinning,  the  smallest,  diseased,  or  malformed  fruit  should  always 
be  removed  first,  usually  when  the  fruits  reach  a  length  of  1  inch 
(fa  p.  75). 

Harvesting. — As  the  avocado  fruit  grows  it  changes  in  size,  shape, 
and  color  as  well  as  in  chemical  and  physical  conditions.  If  picked 
too  early,  the  subsequent  changes  are  not  normal  and  the  resulting 
fruit  is  inferior  or  worthless.  Since  the  fruits  should  be  picked  before 
they  soften  in  order  to  insure  greater  storage  life  and  less  liability  of 
damage  in  transit,  it  is  necessary  to  know  the  stage  of  development 
that  permits  normal  ripening  of  the  fruits  off  the  tree.  This  stage, 
called  physiological  maturity,  is  easily  detected  in  the  fruits  which 
change  color  at  maturity.  In  green  fruits  this  stage  is  more  difficult 
to  determine  because  no  easily  detected  color  change  serves  as  a  guide. 
Several  criteria  have  been  developed  to  indicate  the  time  of  maturity. 
That  most  widely  used  is  the  determination  of  the  oil  content  of  the 
flesh  which  increases  rapidly  during  the  early  development  of  the  fruit 
but  changes  very  little  or  not  at  all  once  maturity  is  reached.  This 
method  is  used  almost  exclusively  in  California  where  analytical 
equipment  is  installed  for  rapid  sampling  at  the  packing  houses. 

Since  such  service  is  not  available  in  Puerto  Rico  and  the  oil  con- 
tent of  the  West  Indian  fruit  is  much  lower  than  that  of  the  Calif  or- 
nian,  this  method  is  not  practical  for  Puerto  Rican  growers.  Because 
the  time  between  picking  and  softening  diminishes  as  the  fruit  ma- 
tures, samples  of  fruit  can  be  picked  every  few  days  near  the  time  of 
maturity  and  the  number  of  days  to  softening  determined.  If  the 
quality  and  number  of  days  it  takes  for  a  series  of  samples  to  soften  is 
recorded  every  few  days  as  they  reach  maturity  and  this  information 
is  set  up  in  the  form  of  a  chart  for  each  variety,  it  can  be  used  by  the 
grower  in  subsequent  years  to  determine  the  earliest  possible  time  of 
harvesting  good  quality  fruit.  Obviously,  when  a  sample  ripens 
normally,  the  bigger  fruit  are  all  sufficiently  ripe  to  pick. 

Stahl  (37)  has  found  that  for  West  Indian  fruit  a  specific  gravity 
of  0.98  is  a  fairly  reliable  indication  of  maturity.  However,  this  cri- 
teria varies  somewhat  with  seed  size,  cavity  size,  and  skin  thickness 
and  is  apparently  not  as  well  adapted  to  the  Guatemalan  varieties. 
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The  brightness  of  the  avocado  skin  is  reduced  slightly  at  maturity. 
The  stems  also  acquire  a  slightly  more  yellowish-green  color  (6). 
Careful  observation  and  experience  is  required  to  detect  accurately  the 
point  of  maturity. 

Since  the  avocado  fruit  usually  hangs  on  the  tree  for  several  weeks 
after  reaching  maturity,  it  is  better  to  delay  the  first  harvest  until 
the  fruits  are  definitely  mature  unless  higher  prices  justify  earlier 
picking. 

The  common  practice  in  Puerto  Rico  of  knocking  down  the  fruit 
with  a  stick  or  shaking  the  branches  should  be  discouraged.  Fruit 
thus  harvested  is  bound  to  be  scarred  and  likely  to  have  the  stem 
pulled  out  of  the  flesh  making  an  easy  entrance  for  disease.  The 
use  of  a  picking  stick  by  a  few  growers  in  Puerto  Rico,  by  which  the 
fruit  is  twisted  off  and  caught  in  a  sack  attached  to  the  pole,  is  a  better 
harvesting  method.  Authorities  (6,  9,  H,  20)  agree  that  the  fruit 
should  be  cut  off  with  blunt-nosed  clippers  rather  than  pulled;  the 
fruit  stem  is  cut  14  to  y2  inch  from  the  fruit.  The  clippers  are 
mounted  on  long  poles  which  should  be  fitted  with  a  bag  or  bucket  to 
catch  the  fruit.  A  cloth  funnel,  whose  lower  end  is  tied  loosely  to  the 
operator's  waist,  permits  the  fruits  to  drop  without  harm  to  within 
easy  reach  of  the  harvester  without  the  pole  being  lowered.  The 
protruding  end  of  the  fruit  stem  should  be  cut  again  flush  with  the 
skin  to  avoid  damage  to  other  fruit.  Ladders  may  be  needed  to  reach 
the  upper  fruit  on  tall  trees.  Although  ladders  can  be  leaned  against 
citrus  trees  apparently  without  damage  to  the  tree,  the  avocado  wood 
is  too  brittle  to  permit  this  practice.  Ladders  with  three  legs  can 
usually  be  adjusted  even  on  steep  hillsides  to  put  the  harvester  within 
pole  length  of  the  fruit  (6) . 

Since  all  the  fruit  on  the  trees  do  not  mature  at  the  same  time, 
several  pickings  are  desirable  in  order  to  remove  the  largest  fruit  first. 
Heavily  loaded  branches  should  be  picked  first,  removing  all  but  the 
smallest  fruit  at  the  first  harvest  to  avoid  dieback  later  ($,  p.  77) . 

Harvest  is  the  time  to  determine  the  value  of  the  trees.  Since  it 
requires  at  least  3  bearing  years  to  satisfactorily  judge  the  perform- 
ance of  a  tree  (16) ,  each  tree's  production  should  be  recorded  at  har- 
vesttime  every  year.  The  extra  time  and  effort  involved  will  be 
more  than  repaid  as  the  poor  trees  thus  detected  can  be  removed  or 
top-worked. 

Yields. — Grafted  fruit  trees  normally  come  into  bearing  within 
a  year  or  two  of  planting  in  the  orchard  but  may  vary  up  to  6  years 
(20,  p.  26).  Seedling  trees  are  usually  1  to  3  years  later  in  producing 
the  first  fruits.  With  early-bearing  trees,  the  first  year's  crop  should 
be  removed  or  heavily  thinned  as  young  trees  are  particularly  sus- 
ceptible to  dieback.  Popenoe  (31,  p.  53)  suggests  leaving  only  6  fruit 
of  the  second  crop  and  30  to  40  from  the  third.  The  yield  of  mature 
seedling  trees  will  vary  widely  and  even  grafted  trees  of  the  same 
variety  will  show  considerable  variation.  Higgins  and  others  (20) 
report  an  average  yield  of  500  fruits  per  tree  in  Hawaii  with  better 
trees  ranging  from  800  to  1,200  fruits  per  tree.  Trees  in  Guatemala 
are  reported  (30)  to  average  200  to  250  fruits  per  tree,  with  large 
trees  bearing  1,000  to  3,000;  the  larger  figure  is  for  small-sized  (6- 
to  8 -ounce)  fruit.    A  similar  variability  is  reported  from  Florida 
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(4#)  where  a  general  average  of  50  pounds  is  expected,  although  yields 
up  to  500  pounds  per  tree  are  not  uncommon.  Puerto  Rico's  average, 
in  the  neighborhood  of  100  fruits  per  tree,  is  well  below  the  general 
average  of  world  production  based  on  available  figures. 

Theft. — The  loss  of  fruit  by  theft  is  a  serious  handicap  to  avocado 
growing  in  many  regions  of  the  world.  While  signs  and  fences  are 
useful  in  protecting  the  orchard,  fruit  growers,  when  organized,  can 
also  push  legislation  to  increase  the  penalties  for  fruit  stealing  and 
to  insist  on  prompt  and  thorough  investigation  of  all  fruit  thefts.  A 
system  started  in  California  consists  of  marking  sample  fruits  on  the 
tree  with  a  pattern  of  minute  dots  before  maturity.  Only  a  small 
proportion  of  the  fruit  need  be  marked  as  the  presence  of  only  one  or 
two  fruits  thus  marked  in  a  suspected  lot  of  fruit  is  convincing  evi- 
dence of  its  origin.  The  marks  are  made  by  inserting  fine  wires  in 
a  desired  pattern  in  a  thick  piece  of  leather,  extending  out  just  far 
enough  so  that  they  puncture  only  the  surface  of  the  skin  when 
pressed  against  the  fruit.  The  pattern  can  be  assigned  to  individual 
farmers  by  a  cooperative  organization  or  by  the  Government.  It 
functions  in  the  same  manner  as  a  cattle  brand. 

Fruit  handling. — The  literature  on  avocados  indicates  that  the 
fruit  should  be  handled  gently  in  the  field,  packed  in  shallow  boxes 
surrounded  by  wood  wool  or  other  material  to  take  up  the  shock, 
and  generally  handled  with  the  utmost  care,  particularly  the  thin- 
skinned  varieties.  In  Puerto  Rico  where  fruit  has  a  skin  thickness 
seldom  exceeding  1/1 6  inch,  the  fruit  is  usually  knocked  to  the  ground, 
dumped  into  large  bags,  carried  to  trucks,  and  transported  to  market 
in  bulk  over  rough  country  roads,  and  still  arrives  in  a  salable,  if 
not  good  condition.  In  view  of  this  fact,  it  is  small  wonder  that  few 
growers  are  willing  to  undertake  the  extra  effort  and  expense  of  care- 
ful handling.  The  fruit  under  these  circumstances  has  lost  its  identity 
and  is  sold  chiefly  on  the  basis  of  its  size.  However,  careful  handling 
and  packing  will  be  necessary  if  an  export  trade  is  to  be  developed  as 
competing  fruit  from  California  is  normally  carefully  handled. 
Grading,  packaging,  and  careful  handling  have  "paid  off"  in  Cali- 
fornia and  should,  at  least  to  a  limited  extent,  clo  likewise  in  Puerto 
Rico. 

According  to  recommended  methods  for  commercial  packing  (6) 
the  fruit  should  be  placed  directly  in  padded  field  crates  when  har- 
vested, and  never  permitted  to  touch  the  ground.  Soil  and  small 
stones  serve  to  mar  the  appearance  and  may  facilitate  the  entrance  of 
fruit  rot  organisms  by  scarring  the  surface  of  the  skin  (6).  Even 
abrasions  too  small  to  be  noticed  may  permit  the  entrance  of  disease. 

Packing  and  storage. — In  California  packing  houses,  fruits  are 
first  dry-cleaned  by  soft  brushes  to  remove  dirt  and  to  polish  the  sur- 
face. After  careful  hand-grading  each  fruit  is  stamped  by  machine 
according  to  its  grade  as  it  passes  on  conveyors  to  the  automatic  scales 
and  counters  which  separate  the  fruit  according  to  size  and  weight 
{22). 

Graded  fruit  is  usually  packed  in  single-layer  "flats''  made  of  thin 
wood  or  cardboard  with  excelsior  or  other  suitable  padding  on  all  sides 
and  between  the  fruit.  Light,  cardboard  flats  are  gaining  in  popu- 
larity  for  shipment  of  Cuban  fruit  by  air  to  the  continental  United 
States  (12). 
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All  early  trials  with  wrapping  or  coating  avocados  to  prolong  their 
storage  life  were  discouraging.  However,  in  the  last  few  years  several 
types  of  wrapping  have  become  available  which  permit  sufficient  gas 
exchange  to  prevent  fruit  damage  and  increase  the  storage  life  up  to 
twice  that  of  unwrapped  fruits  at  room  temperature  (38,  p.  57). 
These  wrapping  materials  not  only  improve  the  storage  life  of  the 
fruit  but  make  them  more  attractive,  and  usually  justify  the  addi- 
tional expense.  Pliofilm,  cellophane,  or  Lumarith  are  products  which 
have  proved  successful  (17).  The  fruit  should  be  wrapped  as  soon 
as  possible  after  harvesting  because  the  effectiveness  of  the  wrapping 
decreases  as  the  fruits  ripen.  The  fruits  are  usually  wrapped  indi- 
vidually and  sealed  in  1-foot  squares  of  these  materials,  a  process 
which  can  be  carried  out  very  rapidly  by  machine. 

The  storage  life  of  avocado  fruits  may  be  increased  by  low  tempera- 
ture storage,  Experimental  work  in  Trinidad  (4-3)  has  shown  that 
West  Indian  race  fruits  are  very  variable  in  respect  to  the  amount 
of  cooling  they  can  stand.  Most  fruits  tested  showed  chilling  injury 
at  -15°  F.  It  is,  therefore,  necessary  to  test  samples  of  any  variety 
for  cold  resistance  before  using  refrigerated  storage  in  commercial 
quantities.  Some  varieties  are  able  to  withstand  temperatures  close 
to  freezing. 

The  ripening  process  does  not  proceed  at  a  uniform  rate  but  becomes 
very  rapid  just  before  the  fruit  softens.  This  peak  rate  may  be  sev- 
eral times  the  rate  before  and  after  the  maximum  is  reached  and  is 
apparently  the  point  at  which  most  low-temperature  injury  occurs. 
Thus,  lower  storage  temperature  can  be  maintained  before  and  after 
this  point,  but  storage  close  to  32°  F.  will  prevent  subsequent  softening 
even  at  room  temperature.  Fruit  which  ripened  in  3  to  6  days  at 
80°  required  30  to  40  days  for  ripening  at  10°  (48).  Since  the  price 
of  avocados  in  Puerto  Rico  increases  rapidly  at  the  end  of  the  season, 
refrigerated  storage  would  appear  to  be  justified  at  that  time  for  local 
consumption  as  well  as  for  export  shipment, 

Diseases. — Undoubtedly  the  most  important  disease  affecting  avo- 
cados in  Puerto  Rico  is  root  rot.  This  disease  is  physiological,  a 
result  of  excessive  soil  moisture  conditions;  it  is  also  pathological,  a 
result  of  infections  of  the  fungus  Phytophthora  cinnamomi  Rands. 

Factors  affecting  the  incidence  of  this  disease  have  already  been  dis- 
cussed under  "Soil  and  Water  Relations'-  (p.  9).  Root  rot  is  char- 
acterized by  a  cessation  of  growth,  and  by  drooping,  yellowing,  and 
abscission  of  the  leaves.  Partial  recovery  may  follow  severe  pruning, 
but  no  instance  of  complete  recovery  from  any  control  method  has 
been  reported.  Planting  of  avocados  in  locations  where  trees  have 
died  from  this  disease  is  not  recommended.  Zentmyer  and  Klotz 
(49)  indicate  possible  benefits  from  soil  sterilization  prior  to  planting, 
but  trials  have  not  lasted  long  enough  to  recommend  this  practice, 

A  fungus  disease  of  avocado  roots  was  reported  and  diagnosed  as  a 
Diplodia  sp.  by  the  Agricultural  Experiment  Station  at  Rio  Piedras, 
P.  R.,  in  1920-21. 

The  cercospora  spot  caused  by  the  fungus  Cercospora  purpurea 
Cooke,  is  found  in  many  sections  of  the  island.  This  disease  first 
appears  on  the  under  side  of  the  leaves  as  purplish,  blisterlike  swell- 
ings which  later  collapse  into  small  brown  angular  spots.  Gray 
masses  of  spores  soon  appear  in  rainy  periods  but  may  be  retarded  in 
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dry  weather.  The  disease  appears  also  on  the  stems.  The  first  symp- 
toms appearing  on  fruits  are  small  greenish- white  dots  which  later 
develop  into  dark-brown,  slightly  sunken,  irregular  surface  blotches 
bearing  gray  spore  masses.  The  spots  increase  in  size  becoming  nearly 
circular,  dark-brown  dead  tissue  which  is  usually  cracked  or  figured. 
This  fungus  does  not  penetrate  the  flesh  but  the  resulting  cracks  serve 
for  the  entrance  of  rot  organisms  {39) . 

Black  spot  or  anthracnose  caused  by  a  fungus,  C olletotrichum 
gloeosporioides  Penz.,  is  another  common  disease  in  Puerto  Eico.  It 
appears  on  both  the  leaves  and  stems  but  causes  its  chief  damage  to 
the  fruit.  The  fungus  can  penetrate  the  avocado  during  all  stages  of 
development  if  the  skin  is  broken  by  cercospora  or  mechanical  lesions, 
but  anthracnose  does  not  develop  appreciably  until  the  fruit  ap- 
proaches maturity.  The  disease  can  enter  readily  if  the  stem  is 
pulled  out  instead  of  being  cut  off  when  harvested.  The  spots  are 
more  or  less  circular  in  outline,  bluish-black  to  dark  brown,  and  slightly 
sunken  with  flesh-colored  spore  masses  {39) .  The  flesh  decays  rapidly 
into  a  dark,  globular  mass  which  is  easily  separated  from  the  sound 
flesh. 

In  Florida  {3 If)  the  recommended  control  of  cercospora  spot  and 
anthracnose  consists  of  two  to  three  sprays  with  bordeaux  or  other 
copper  sprays  at  monthly  intervals  beginning  in  May.  The  bordeaux 
is  applied  at  the  rate  of  6-6-100  (6  pounds  copper  sulfate  and  6  pounds 
lime  to  100  gallons  of  water). 

Tribasic  copper  sulfate  (copper  content  53  percent)  at  3  pounds 
per  100  gallons,  basic  copper  sulfates  (copper  content  26  percent)  at  6 
to  100,  and  basic  copper  chloride  (copper  content  45  percent)  at  3 
pounds  to  100  gallons  of  water  were  found  nearly  as  effective  as  the 
bordeaux,  and  there  is  less  probability  with  this  spray  of  increasing 
scale  infection.  In  groves  kept  practically  free  of  both  cercospora 
spot  and  anthracnose  by  annual  application  of  the  copper  fungicides, 
the  bordeaux  formula  may  be  reduced  to  1  1  100.  A  spray  should 
include  an  efficient  spreader. 

Spraying  is  practically  never  practiced  on  Puerto  Eican  avocado 
trees,  nor  is  it  likely  to  become  much  of  a  factor  in  avocado  culture 
in  the  near  future  because  of  terrain  difficulties,  lack  of  capital,  and 
irregular  tree  spacings.  The  logical  control  under  these  conditions 
is  to  use  dusts  that  eliminate  moving  of  large  quantities  of  water  and 
reduce  the  cost  of  the  equipment  required.  No  recommendations  can 
be  made  for  their  use  until  experimental  work  is  done  in  Puerto  Eico 
to  determine  the  choice  of  materials  and  the  schedules  of  applications. 

Dieback  is  a  disease  condition  commonly  encountered  in  avocado 
trees.  This  condition  has  never  been  studied  in  Puerto  Eico,  hence 
little  information  concerning  it  is  available.  The  diseases  already 
mentioned  may  cause  some  of  the  damage.  A  gleosporium  fungus 
causes  serious  damage  in  Hawaii  but  the  extent  of  infection  in  Puerto 
Eico  is  not  known.  In  Puerto  Eico  a  Diplodia  sp.  is  frequently  found 
associated  with  the  disease.  Other  fungi  may  also  cause  this  condi- 
tion. It  is  more  severe  following  a  heavy  crop  of  fruit.  The  dieback 
is  frequently,  but  not  always,  preceded  by  considerable  defoliation. 
The  stems  die  back  from  the  tips  or  from  the  old  fruit  stems  until  they 
reach  a  larger  branch.  The  infection  may  stop  there  or  may  pene- 
trate the  larger  branch  to  its  point  of  origin  (fig.  13) . 
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Figuee  13. — A  young  avocado  tree  suffering  from  dieback. 


Leaf  burn  is  a  physiological  condition  which  results  in  drying  of 
the  leaf  tip  and,  in  more  severe  cases,  the  margins  or  even  the  majority 
of  the  leaf  area  is  affected.  It  is  usually  related  to  some  unfavorable 
condition,  such  as  ditches  in  the  root  zone  or  insufficient  depth  of  soil, 
or  perhaps  insect  injury  on  the  roots. 
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Avocado  scab  is  a  disease  caused  by  a  fungus,  Sphaceloma  perseae 
Jenkins,  which  is  found  occasionally  in  all  avocado-growing  sections 
of  the  island.  The  expanding  leaves  are  malformed  with  y8-inch 
purplish-brown  to  grayish  spots  on  the  surface.  On  the  fruit,  the 
lesions  start  as  oval  rings,  later  drying  and  cracking,  a  source  of 
infection  for  rot  organisms  (£5).  Although  the  native  trees  show 
considerable  resistance  to  scab,  some  of  the  better,  introduced  vari- 
eties are  sufficiently  susceptible  to  require  dusting  or  spraying  for 
satisfactory  production.  The  spray  schedule  worked  out  in  Florida 
requires  four  to  five  sprays  starting  before  flowering,  using  copper 
compounds  such  as  cuprous  oxide,  iy2  pounds  to  100  gallons  (3^  35). 

Folliocellosis  or  f renching  is  a  condition  frequently  seen.  When  the 
condition  is  present  the  trees  develop  a  leaf  condition  suggestive  of 
citrus  f  renching.  In  the  absence  of  any  controlled  experiments,  very 
little  information  can  be  offered  concerning  its  true  nature  and  con- 
trol. Abundant  application  of  barnyard  manure  and  ample  drainage 
in  heavy  soils  seem  to  alleviate  the  disease,  which  is  generally  believed 
to  be  a  result  of  deficiencies  or  excesses  of  some  minor  elements.  Zinc 
deficiency  is  the  cause  in  California  and  Florida  (33) . 

A  leaf -spot  caused  by  a  fungus  (Phyllachora  gratissima  Rehm.)  is 
widespread.  In  some  locations  it  has  caused  the  abscission  of  leaves, 
but  the  damage  is  insufficient  to  warrant  control  treatments. 

Alga  leaf  spot  (Cephal  euros  virescens  Kze.)  occurs  frequently  but 
seldom  causes  serious  damage  and  could  be  controlled  with  any  mate- 
rials effective  for  the  more  troublesome  diseases  mentioned  above. 

A  bark  canker  of  avocados  growing  in  Puerto  Rico  was  isolated  and 
identified  by  J.  A.  B.  Nolla  as  caused  by  Phytophthora  parasitica 
Dastur  from  trees  near  Rio  Piedras.  The  disease  is  not  common  in 
Puerto  Rico,  but  has  been  observed  in  several  localities.  Cankers  may 
be  cut  out  and  1  inch  of  healthy  wood  removed  on  all  sides.  The  ex- 
posed surface  should  be  coated  with  a  bordeaux  paste.  Mulches 
should  not  be  applied  close  to  the  trunk  as  this  favors  fungal  infection 
in  the  trunk. 

Sunburn  is  occasionally  observed  following  defoliation.  The  fruits 
turn  yellow -green  or  brown  on  one  side  or  have  irregular  blotches  with 
indefinite  margins.  Sunburn  is  sometimes  observed  in  the  absence  of 
defoliation  on  the  variety  Itzamna  as  the  fruits  are  suspended  on 
long  stems  well  below  the  branches.  The  flesh  is  not  seriously  dam- 
aged, particularly  when  mature  fruit  is  affected,  so  that  no  special 
controls  are  required.  If  the  leaves  are  lost,  whitewashing  the  trunk 
has  been  recommended  to  prevent  bark  injury  (39) . 

Powdery  mildew  (Oidium  sp.)  frequently  appears  on  avocado  trees 
of  the  island  but  is  seldom  sufficiently  damaging  to  require  control. 
When  mildew  is  present  the  under  sides  of  the  leaves  are  more  or  less 
covered  with  a  grayish-white,  powdery-looking  fungus  growth  (39). 

Insects. — One  of  the  most  frequently  observed  insects  on  avocado 
trees  in  Puerto  Rico  is  the  locally  common  subterranean  termite  or 
"comejen"  (Nasutitermes  costalis  (Holmgren)).  The  termites  first 
attack  dead  branches  or  branch  stubs  and  penetrate  from  these  into 
the  heartwood.  Fortunately,  infestation  can  be  easily  determined  by 
the  presence  of  their  characteristically  narrow,  covered  runways  on 
the  outside  of  the  bark.  This  insect  is  found  on  many  other  plants 
besides  the  avocado.    It  can  be  controlled  by  introducing  powdered 
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arsenicals,  such  as  lead  arsenate  or  paris  green,  into  the  tunnels  and 
nests. 

Extreme  care  should  be  exercised  in  handling  and  storing  both 
fungicides  and  insecticides  to  keep  them  out  of  reach  of  children 
and  domestic  animals  and  away  from  any  possible  food  con- 
tamination. 


Figure  14. — A,  Leaves  chewed  by  adults  of  the  sugarcane  weevil  root  borer.  B, 
Sooty  mold  developing  on  upper  surface  of  leaf.  Scale  or  mealybug  infestation 
results  in  development  of  sooty  mold  on  lower  leaves. 


Another  serious  pest  is  the  sugarcane  root  weevil  or  "vaquita" 
(Diaprepes  abbreviatus  (L.)).  The  adults  chew  out  sections  of  the 
leaf  margins  or  circular  holes  between  the  veins  %  to  %  of  an  inch  in 
diameter  (fig.  14,  A).  The  chief  damage  is  on  the  lower  leaves. 
Young  trees  may  be  nearly  defoliated  as  a  result  of  this  feeding.  The 
extent  of  damage  to  the  roots  by  the  larvae  is  unknown.  Griffiths 


40      CIRCULAR  3  3,  FEDERAL  EXPERIMENT  STATION,  PUERTO  RICO 

(15)  recommends  hand-picking,  a  laborious  job  which  must  be  re- 
peated often,  as  the  adult  weevils  drop  to  the  ground  as  soon  as  the 
branch  is  jarred.  Lead  arsenate  spray,  5  pounds  to  50  gallons  of 
water,  or  bordeaux  or  other  copper  sprays  used  against  diseases  are 
recommended.  Trap  crops,  such  as  castor-oil-plant  (Ricinus  com- 
munis L.)  (15)  or  bay-rum  trees  (Pimenta  officinalis  Berg.),  can  be 
planted  around  the  orchard.  The  area  below  the  branches  may  be 
cultivated  or  covered  with  cloth  in  order  to  facilitate  the  collection  and 
killing  of  the  adult  weevils  which  fall  to  the  ground  on  shaking.  Peri- 
odic dusting  with  DDT  at  regular  intervals  has  proved  effective  at 
Isabela. 

Most  of  the  other  insect  enemies  of  the  avocado  are  seldom  suffi- 
ciently injurious  to  justify  control  measures.  The  red-banded  thrips 
(Selenothrips  rubrocinctus  (Giard) )  sometimes  becomes  troublesome 
in  the  nursery  bed  and  may  require  spraying  with  DDT  at  2  pounds  of 
the  50-percent  wettable  powder  to  100  gallons  of  water. 

The  Federal  Experiment  Station  has  been  introducing  many  para- 
sites and  predators  of  harmful  insects  into  Puerto  Rico.  Some  of 
these  are  now  fairly  well  distributed  and  materially  reduce  the  infes- 
tations, particularly  of  scale  insects  and  mealybugs.  The  most  im- 
portant of  these  are  a  black  lady  beetle  with  a  large  red  spot  on  each 
wing  cover  (Ghilocorus  cacti  (L.) ) ,  and  a  small  wasp  parasite  (Pseu- 
daphycus  utilis  Timb.),  which  attacks  the  avocado  or  palm  mealybug 
(Pseudococcus  nipae  (Mask.)).  The  Surinam  toad  (Bufo  marinus 
L.)  imported  by  this  station  from  Barbados  in  1920,  preys  on  the 
adults  of  many  soil  insects  including  the  sugarcane  root  weevil. 

Scale  insects  may  sometimes  increase  rapidly  (fig.  15).  Their  ex- 
cretions may  result  in  the  development  of  a  sooty  mold  fungus  on  the 
leaves  below  (fig.  14,  B).  If  the  scale  insects  require  additional  con- 
trol, a  spray  containing  2  percent  of  highly  refined  mineral  oil  emul- 
sion will  be  effective.  Two  applications  at  3 -week  intervals  should  be 
applied  during  the  cool  of  the  day  (4$,  p.  86) . 

ECONOMICS 

Distribution  and  sales. — The  island  of  Puerto  Rico  is  not  large 
enough  to  present  much  of  a  transportation  problem  so  far  as  distance 
is  concerned,  but  the  rough  terrain  and  the  inaccessibility  of  many 
avocado-growing  sections  complicate  distribution  of  this  crop.  Of 
the  30  to  40  million  fruits  produced  annually  on  the  island,  less  than 
a  quarter  are  sold  in  the  three  main  markets  of  the  island ;  the  balance 
is  consumed  on  or  near  the  farms,  or  sold  in  the  local  town  markets. 
The  principal  city  markets  are  at  Rio  Piedras,  where  the  fruits  from 
the  northern  regions  are  sold  for  metropolitan  San  Juan,  Mayaguez 
on  the  west  coast,  and  Ponce  on  the  south  coast. 

Fruit  for  market  is  placed  in  large  burlap  bags  and  carried  to  the 
nearest  road  by  man  or  horse.  Middlemen  or  "intermediarios"  have 
established  a  series  of  depots  in  the  chief  avocado-growing  sections 
where  truckload  lots  are  assembled.  These  depots  are  seldom  special 
structures  but  a  part  of  a  country  store,  the  owner  acting  as  agent  for 
the  avocado  broker. 

The  grower  can  sell  his  fruit  to  the  broker  on  the  tree  or  at  the 
depot,  or  he  can  retail  it  himself  locally.   Unless  he  has  a  truck,  the 
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Figure  15. — Under  side  of  avocado  leaf  showing  medium  to  heavy  infestation  of 
scales  and  mealybugs.  Such  insects  may  cause  formation  of  black  sooty  mold 
on  the  leaves  beneath  (fig.  14,  B)  and  ultimately  retard  growth  and  cause  leaves 
to  drop. 
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distances  to  the  cities  are  usually  too  great  for  horseback  trips.  He 
must,  therefore,  accept  the  brokers  price  or  sell  his  crop  locally.  The 
brokers  haul  the  fruits  to  the  cities  and  sell  them  to  the  wholesalers, 
who  in  turn  sell  them  to  retailers  or  vendors.  The  owners  at  each  step 
try  to  resell  as  soon  as  possible  to  avoid  loss  from  spoilage,  for  a  more 
rapid  turn-over  of  their  money,  and  because  storage  facilities  are  ex- 
tremely limited. 

Fruit  is  usually  not  graded  until  it  reaches  the  retailer,  although  the 
prices  paid  at  each  stage  are  adjusted  to  the  size  of  the  fruit  in  the  lot. 
The  retailer  may  separate  his  stock  into  several  classes  varying  in  price 
as  much  as  50  percent  between  the  extremes. 

In  Florida  most  of  the  fruit  is  taken  to  large  packing  houses  by 
the  grower.  In  California  and  to  a  lesser  extent  in  Florida  and 
Hawaii  the  fruit  is  packed,  shipped,  and  sold  through  growers'  co- 
operatives which  may  handle  the  fruit  as  far  as  the  retailer.  Most 
of  the  fruit  produced  in  Florida  is  shipped  in  large  refrigerated  trucks 
to  northeastern  markets.  Shorter  runs  from  California  are  handled 
similarly,  while  shipments  to  the  east  coast  are  usually  made  in  re- 
frigerated railroad  cars.  Airplane  shipments  are  beginning  to  find 
a  place  in  avocado  transportation  particularly  where  production  costs 
are  sufficiently  low  to  justify  the  cost  of  air  shipment. 

Volume  air  movement  of  avocados  began  near  the  end  of  World 
War  II  when  Cuba  shipped  over  a  million  pounds  in  a  year  to  the 
United  States.  The  actual  flying  distance  for  those  shipments  was 
only  from  Havana  to  southern  Florida;  the  remaining  distance  to 
northern  markets  was  made  by  truck  or  railroad.  However,  with  the 
gradual  reductions  in  air  freight  rates  the  differential  between  air  and 
surface  transportation  has  been  reduced.  Shorter  transportation  time 
is  reflected  in  better  condition  of  the  fruit  on  arrival  and  longer 
storage  life. 

Prices. — Since  the  Puerto  Rican  fruit  is  almost  entirely  of  the 
West  Indian  race,  it  is  available  only  from  May  to  December.  Most 
fruit  is  marketed  in  August  and  September,  with  a  fair  supply  during 
July,  October,  and  November.  The  supply  during  June  and  De- 
cember is  extremely  limited,  with  none  at  all  available  in  some  years. 
The  price  of  the  fruit  fluctuates  violently  depending  on  the  supply 
(fig.  16).  While  most  of  the  fruit  is  sold  at  a  wholesale  price  of  $2 
to  $4  per  100  fruit,  when  the  supply  drops  sharply  the  price  rises  to 
as  much  as  $8.  The  price  paid  for  the  fruit  rises  rapidly  at  each  step 
in  its  distribution,  the  consumer  paying  two  to  four  times  the  price 
received  by  the  farmer. 

Efforts  to  rectify  the  tremendous  price  increase  along  the  distribu- 
tion line  are  being  made  by  the  Government  through  the  Puerto  Rico 
Agricultural  Company  and  by  cooperatives.  The  company  plans  a 
system  of  truck  routes  through  the  mountains  for  collection  of  farm 
products  which  they  will  sell  in  a  series  of  modern  markets  in  various 
island  cities.  Puerto  Rican  growers  are  becoming  interested  in  the 
cooperative  system.  However,  further  development  will  be  necessary 
before  it  reaches  the  effectiveness  and  efficiency  attained  by  coopera- 
tives in  California,  Florida,  and  Hawaii,  where  substantial  savings 
are  made  to  the  participating  growers. 

One  of  the  largest  cooperatives  handling  avocados  in  Puerto  Rico 
is  the  Villalba  Vegetable  Growers  with  400  members,  150  of  whom 
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grow  avocados.  Although  tomatoes  and  a  few  other  vegetables  are 
graded  by  this  cooperative,  no  attempt  is  made  to  grade  the  avocados. 
The  growers  are  paid  the  prevailing  price  for  the  fruit  in  the  country 
and  a  share  of  the  profits  based  on  their  proportion  of  the  total  busi- 
ness of  the  cooperative  at  the  end  of  the  year.  Several  other  coopera- 
tives of  the  island  handle  fruit  as  items  in  their  program,  but  the 
business  of  avocado  growing  has  not  developed  sufficiently  to  create 
a  cooperative  for  this  crop  alone. 

The  outstanding  example  of  cooperative  avocado  marketing  is  the 
Calavo  Growers  of  California.  This  association  is  a  nonstock,  non- 
profit, cooperative  marketing  agency  which  has  several  packing  houses 
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Figure  16. — Volume  and  wholesale  price,  by  months,  of  avocado  fruits  in  the 
principal  city  markets  of  Puerto  Rico  averaged  for  the  years  1943.  1945.  and 
1946. 

in  the  various  avocado-growing  districts  of  southern  California.  This 
organization  started  with  little  capital  in  1924  and  has  grown  rapidly 
to  dominate  the  entire  avocado  industry  in  the  United  States. 
Through  publicity  the  demand  for  avocados  has  kept  pace  with  the 
increasing  volume  of  production. 

The  avocado  association  advertises  in  many  ways.  Demonstrations 
and  educational  talks  describe  the  fruit  and  ways  of  using  it.  Slides, 
store  window  displays,  recipe  booklets,  radio,  and  printed  advertise- 
ments are  also  utilized.  A  brand  name  "Calavo''  is  used  to  distinguish 
the  best  grade  and  varieties  of  fruit.  Since  the  fruit  so  labeled  has 
become  associated  with  top  quality  by  the  consumer,  it  is  sold  at  a 
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premium.  This  trade  name  is  stamped  only  on  fruit  of  those  varieties 
with  the  best  eating  quality  and  only  after  the  fruit  is  sufficiently 
matured  on  the  tree  to  insure  top  quality  on  softening.  Even  then, 
fruit  with  skin  blemishes  or  other  defects  are  packed  in  a  lower  grade. 

To  guard  against  overproduction  or  underproduction  at  any  time 
during  the  harvest  season,  each  grower  submits  an  estimate  of  his 
production  by  varieties  to  the  association.  To  be  sure  that  the  fruit 
is  sufficiently  mature  before  picking,  every  grower  submits  samples 
of  fruit  from  all  his  varieties  as  they  approach  maturity  to  the  packing 
house  for  test  of  their  oil  content.  The  cooperative  then  assigns  each 
grower  a  picking  schedule  which  he  must  follow.  By  this  method 
the  organization  controls  the  supply  in  such  a  way  as  to  obtain  the 
best  price  for  the  most  fruit  throughout  the  year  and  consequently 
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Figure  17. — Equivalent  return  for  avocados  per  ton  to  growers  in  California 
and  Florida  at  the  packing  house  compared  to  the  declared  value  of  imported 
Cuban  fruit.  (From  U.  S.  Department  of  Agriculture  Bureau  of  Agricultural 
Economics.) 

higher  profits  for  all  the  members  of  the  cooperative.  By  controlling 
the  distribution  and  sales  of  members'  products  throughout  the  United 
States  as  far  as  the  retailer,  the  cooperative  plays  a  major  role  in 
regulating  the  price  of  avocados.  Figure  17  shows  the  variability  of 
prices  for  avocados  grown  in  the  United  States  from  year  to  year  and 
the  consistently  higher  price  for  the  fruit  grown  in  California  as  com- 
pared with  fruit  grown  elsewhere. 

Cuban  avocados  have  figured  substantially  in  the  supply  of  avocados 
for  the  eastern  United  States  for  many  years,  reaching  a  maximum  of 
12  million  pounds  in  1940.  Only  during  the  war  years  and  the 
severe  drought  of  1945  have  the  volumes  been  too  low  to  affect  the 
price.  Cuban  fruit  is  valued  normally  below  that  produced  and 
shipped  in  the  United  States  (fig.  17).  Since  at  least  a  part  of  the 
Florida  production  is  within  the  5-month  period  when  the  duty-free 
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Cuban  avocados  can  enter  the  United  States,  June  to  September,  it 
is  not  surprising  that  the  value  of  the  Florida  crop  is  depressed. 

Avocados  bring  a  greater  return  per  pound  than  almost  any  other 
fruit  grown  in  the  United  States.  The  chief  exception  is  dates  which 
require  a  far  greater  amount  of  attention  and  more  specialized  climatic 
conditions.  Table  4  gives  the  relative  prices  per  pound  obtained  by 
the  growers  for  some  more  common  fruits  based  on  a  weighted  average 
of  the  country  as  a  whole  during  1941  and  1942.  The  price  for 
avocados  during  1941  was  low  while  that  for  1942  was  somewhat  better 
but  still  below  that  of  recent  years. 

Production  costs. — The  only  data  available  to  the  writer  concern- 
ing the  actual  cost  of  producing  avocados  that  can  be  considered 
representative  of  an  avocado-growing  section  of  the  world  are  those 
from  southern  California  41) .  These  figures  have  been  published 
annually  for  a  number  of  years.  During  the  10-year  period  preceding 
1947  the  cost  of  avocado  production  practically  doubled.  However, 
the  cost  per  pound  of  fruit  produced  has  been  reduced  by  the  increased 
yields.  The  increasing  efficiency  of  California  marketing  coopera- 
tives has  also  increased  the  grower's  income  (table  4) . 

Table  4. — Relative  income  from  selected  fruits  received  by  growers 

in  the  United  States  1 


Fruit 


Apples  

Avocados  

Dates  

Oranges  (on  the  tree) 
Grapefruit  


Price  per  pound 


Dollars 
0.  022 
.  050 
.  075 
.  016 
.  034 


Dollars 
0.  030 
.  106 
.  112 
.  027 
.  047 


1  Based  on  "Prices  received  for  fruit  and  nut  crops  by  types  of  sale  and  utiliza- 
tion groups."  Unnumbered  publication.  Bureau  of  Agricultural  Economics, 
U.  S.  Department  of  Agriculture.  [Processed.] 

No  data  are  available  on  production  costs  in  Puerto  Kico.  They 
are  a  very  minor  fraction  of  those  in  California,  Florida,  or  Hawaii, 
as  no  irrigation  is  normally  required,  little  fertilizer  or  sprays  are 
applied,  and  cultivation  is  very  seldom  practiced.  While  the  cost  of 
land  in  Puerto  Kico  is  relatively  high  it  is  still  less  than  that  of 
southern  California  where  irrigation  systems  must  be  constructed. 
An  investment  of  several  thousand  dollars  per  acre  in  that  area  is 
quite  common  before  fruit  are  produced;  yet  even  under  these  con- 
ditions the  profit  from  avocados  has  resulted  in  a  rapid  and  relatively 
large  increase  in  the  acreage  of  avocados  planted. 

Growers'  returns. — California's  average  production  ranges  from 
4,000  to  8,000  fruits  per  acre  because  of  the  variations  from  year  to 
year.  The  yield  varies  from  1  to  2  tons  per  acre  per  year,  but  some 
orchards  yield  3  to  4  tons  or  even  more.  The  price  received  in  Cali- 
fornia ranges  from  $100  to  $400  per  ton.    The  gross  income  per  acre 
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varies  from  $200  to  $1,600.  In  some  instances  $1,000  per  acre  was 
paid  in  southern  Florida  for  the  fruit  on  the  trees  in  World  W  ar  II 
years.  Even  with  increased  cost  of  production,  there  are  good  possi- 
bilities for  excellent  profits  at  these  prices. 

At  a  wholesale  price  of  $3  per  100  fruits — a  rough  average  in  recent 
years  in  Puerto  Rico — the  average  tree  on  the  island  is  returning  $3 
to  the  grower  who  brings  his  fruit  to  market,  since  the  average  yield 
per  tree  per  year  is  approximately  100  fruits.  The  spacings  com- 
monly noted  in  avocado  groves  are  made  to  obtain  between  80  and 
100  trees  per  acre.  At  this  rate  $240  to  $300  per  acre  per  year  is 
grossed  with  very  little  production  cost. 

Prospects  for  avocado  growing  in  Puerto  Rico. — Avocados  have 
been  growing  in  Puerto  Rico  for  several  hundred  years.  They  have 
become  accepted  as  a  gift  of  nature  requiring  little  or  no  attention 
beyond  harvesting  the  fruit.  The  spread  of  root  rot  and  other  diseases 
has  materially  affected  both  the  production  and  quality  of  the  fruit. 
Through  improved  cultural  conditions  and  the  use  of  superior  varieties, 
the  quality  and  yield  can  be  increased  and  the  fruit  marketed  over 
a  longer  period  of  time. 

The  fruits  are  popular  and  could  help  eliminate  some  of  the  nutri- 
tional deficiencies  common  among  the  island  residents.  Moreover, 
avocados  would  be  available  most  of  the  year. 

Avocados  have  been  increasing  in  price  for  a  number  of  years.  It 
is  quite  unlikely  that  with  the  increasing  incidence  of  disease  in 
avocado  trees  and  the  increasing  population  that  the  fruit  will  drop 
in  price  to  anything  like  the  very  low  prices  of  former  years  when 
they  could  be  bought  several  for  a  cent.  However,  prices  of  avocados 
are  bound  to  follow  changes  in  the  economic  conditions  in  the  island. 
Improved  cultural  practices  and  careful  harvesting  and  handling  of 
superior  market  varieties  would  increase  the  yield  per  acre,  improve 
the  qualities  of  the  fruit,  and  permit  the  development  of  an  export 
trade. 

Puerto  Rico  has  a  climate  well  suited  for  avocado  growing.  No 
instance  of  frost  has  ever  been  recorded.  The  trees  can  be  grown 
up  to  several  thousand  feet  elevation,  thus  permitting  the  production 
of  winter  fruiting  types  which  hold  most  promise  for  export.  The 
rainfall  in  most  areas  is  usually  sufficient.  The  humidity  is  never 
too  low  or  the  temperature  too  high  to  cause  injury.  Most  soils  do 
not  require  nearly  so  much  nor  so  frequent  fertilization  as  those  in 
Florida.  The  passage  of  hurricanes  on  an  average  of  once  in  11  years 
represents  a  serious  threat  to  the  avocado  grower  just  as  it  does  in 
Florida.  However,  their  severe  damage  is  usually  confined  to  portions 
of  the  island  rather  than  the  island  as  a  whole. 

The  West  Indian  type  of  avocado,  although  grown  almost  exclu- 
sively in  Puerto  Rico,  is  poorly  suited  for  export  trade  as  the  skin 
is  thin  and  the  seed  is  often  loose  in  the  cavity  causing  it  to  damage 
the  flesh  when  shaken.  Since  the  season  of  West  Indian  fruit  pro- 
duction is  severely  restricted,  the  fruits  are  available  during  only 
one-third  of  the  year.  The  use  of  superior  Guatemalan  and  Guate- 
malan-West Indian  hybrids  should  result  in  a  type  of  fruit  better 
suited  for  export  and  would  extend  the  season  of  availability  several 
months. 
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Avocado  production  should  be  centered  on  well-drained  soils  to 
reduce  root  rot  damage.  The  use  of  grafted  plants  should  become 
more  general,  particularly  for  growers  who  have  large  plantings  and 
for  those  interested  in  export. 

Since  avocados  are  a  high  income  crop  when  properly  grown,  there 
is  likely  to  be  an  increase  in  the  number  of  trees  on  suitable  land. 
There  is  sufficient  of  this  type  of  land  in  Puerto  Rico  to  permit  a 
considerable  increase  in  production.  In  fact,  the  size  of  the  area  where 
avocados  can  be  profitably  grown  may  exceed  the  combined  avocado- 
growing  areas  of  California  and  Florida. 
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